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Introduction 


This catalog provides you with details about NEC’s 
total memory product line, which is the broadest in the 
industry today. NEC memories not only give you a 
wider selection of device types, they also allow you to 
choose from various configurations and process tech- 
nologies within a specific type of device. The variety of 
NEC memories gives you greater design alternatives 
and the ability to choose the part that truly fits your 
product. 


Memory Product Overview 


GENERAL INFORMATION 


The catalog is divided into sections for each of our 
major memory groups: ASMs, DRAM Modules, DRAMs, 
XRAMs, MOS SRAMs, ECL RAMs, EPROMs, Masked 
ROMs, Bipolar PROMs, and Packaging Information. 
The selection guides include detailed specifications 
and packaging information. In Section 2 of this catalog, 
you will find a description of the quality and reliability 
procedures that have enabled NEC to reach the highest 
quality standard currently available. 
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MEMORY PART NUMBER GUIDE 
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Monolithic 
uwP Db 41 256 V -12 
| Te Speed Selection 
Package B = Ceramic Flatpack 
C = Plastic DIP 
D = Cerdip or Ceramic DIP 
G = Plastic Miniflat 
K = Ceramic Leadless Chip Carrier 
L = Plastic Leadless Chip Carrier 
LA = Plastic Small Outline J-Lead 
V Plastic Zig-Zag Inline Package 
Device Identifier (2 to 4 characters) 
Product Class 10 = 10K ECL RAM 
100 = 100K ECL RAM 
21 = NMOS Static RAM 
23 = NMOS ROM 
23C = CMOS ROM 
27 = NMOS EPROM 
27C = CMOS EPROM 
4 = Bipolar PROM 
40 = NMOS Static RAM 
41 = NMOS Dynamic RAM 
42 = CMOS Dynamic RAM 
43 = MIX-MOS Static RAM 
44 = CMOS Static RAM 
Device Type B = Digital Bipolar 
D Digital MOS 
NEC Monolithic Silicon Integrated Circuit 
Module 
MC- 41 256A 8 -—12 


Speed Selection 
Number of Output Bits 
Word Depth Indicator 


| 


Product Class 
NEC Module 


256A = 256K Words 
1000A = 1024K Words 
41 = NMOS Dynamic RAM 
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Advanced Memory Products 


Several products were in development but not yet 
announced at the time of printing this Data Book. In 
order to help the customers of NEC Electronics with 
their product planning and to extend the useful life of 
this Data Book, some of these new products are 
outlined below. 


Application-Specific Memories 


The industry-leading Video RAM is the wPD41264. In 
1986 the focus for this device will be on new higher- 
performance versions and also denser packaging 
options and lower power consumption. 


Other application specific memories in development 
are targeted for graphics, data communications, and 
other specialized memory requirements. 


Dynamic RAM Modules 


More module-based products will be announced in 
1986 based on dynamic RAM and other memory 
technologies. 


Dynamic RAMs 


NEC Electronics will continue to build on its leadership 
position in this product category with new devices (1M 
DRAMs) and enhanced performance versions of pre- 
viously announced devices. Key product developments 
are centered around higher density, lower power, and 
faster access times. There are also product develop- 
ment trends toward higher density packaging and 
alternate memory organizations (x 4, x 8). 
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XRAMs 


Higher-density products are in development in this 
unique product family. These products will be CMOS 
for low power and ease of use. 


Static RAMs 


1986 will be a year of many new announcements in this 
product family. There will be an emphasis on faster 
speed and lower power for the industry leader in 
density, the wPD43256, a 32K x 8 Mix-MOS Static RAM. 
In both the MOS and the ECL product families from 
NEC Electronics, several new high-speed products will 
be announced in 1986, including a 256K Mix-Mos 
Static RAM and a 16K ECL RAM; and there will be new 
speed options available on existing devices, such as 
the uwPD4364, uwPD4464, and wPD43256. In addition, 
NEC Electronics will continue to focus on the other 
needs of its customers, particularly in the areas of 
high-density surface mount packaging and wide 
memory organization (x 4, x 8). 


Non-volatile Memories 


In this product family, too, the emphasis will be on 
advanced packaging, suchas for the wPD27C256AK/G 
(32K x 8 CMOS EPROM), andadvanced products such 
as the uPD28C64 (8K x 8 EEPROM), OTP EPROMs, the 
uPD27C1024 (64K x 16 CMOS EPROM), and the 
uPD23C2000 (128K x 16 or 256K x 8 CMOS ROM). 





GENERAL INFORMATION 


Application-Specific Memory Selection Guide 


Maximum Power 


NEC 


Package 
C 


Pins 


24 


uPD41264-12 64K x 4 NMOS 120 Port A 220 Port A +5 


Access Cycle Supply 

Device Organization Process Time (ns) Time (ns) Voltage 
uPD41101-3 910 x8 NMOS 27 34 +5 
uPD41101-2 27 34(R)/69(W) 
uPD41101-1 49 69 
uPD41102-3 1135 x 8 NMOS 21 28 +5 
uPD41102-2 21 28(R)/56(W) 
uPD41102-1 40 56 
uPD41221-70 224K x 1 NMOS 55 70 +5 
uPD41221-90 75 90 

with 40 Port B 40 Port B 
uPD41264-15 dual 150 Port A 270 Port A 

ports 60 Port B 60 Port B 


Note: 
Package: C = Plastic DIP 


Dynamic RAM Module Selection Guide 


Access Cycle ~ Supply 
Device Organization Process Time (ns) Time (ns} Voltage 
MC-41256A4-12 256K x 4 NMOS 120 220 +5 
MC-41256A4-15 150 260 
MC-41256A5-12 256K.x 5 NMOS 120 220 +5 
MC-41256A5-15 150 260 
MC-41256A8-12 256K x8 NMOS 120 220 +5 
MC-41256A8-15 150 260 
MC-41256A9-12 256K x9 NMOS 120 220 +5 
MC-41256A9-15 150 260 
MC-411000A1-12 1Mx1 NMOS 120 220 +5 
MC-411000A 1-15 150 260 


Note: 


Dissipation (mW) 
Standby Active 
— 495 
— 495 
83 385 
66 853 
715 


Maximum Power 


Dissipation (mW) 
Standby Active 
110 1826 
1540 
138 2283 
1925 
220 3652 
3080 
248 4109 
3465 

110 539 
468 


Package 
A/C 


A/C 
A/B 
A/B 


AIC 


24 


Pins 
22 


24 


30 


30 


22 


Package: A = Single Intine Memory Module (SIMM), Leaded, Glass-Epoxy Substrate; B= SIMM, Socket Mounted; C = SIMM, Leaded, Ceramic 


Substrate 
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Dynamic RAM Selection Guide 


Maximum Power 





Access Cycle Supply ____ Dissipation (mW) 
Device Organization Process Time (ns) Time {ns) Voltage Standby Active Package Pins 
uPD4164-10 64K x 1 NMOS 100 200 +5 28 330 C 16 
pPD4164-12 120 230 303 
pvPD4164-15 150 260 275 
uPD4164-20 200 330 248 
pPD4265-20 64K x 1 CMOS 200 335 +5 2.8 193 C 16 
puPD4265-25 250 410 165 
pwPD41256-12 256K x 1 NMOS 120 220 +5 28 457 C/L/V C= 16, 
muPD41256-15 150 260 385 L= 18, 
uPD41256-20 200 330 330 V=16 
uPD41257-15 256K x 1 NMOS 150 270 +5 28 385 C/L C= 16, 
pPD41257-20 200 335 330 L=18 
uPD41416-12 26K x 4 NMOS 120 220 +5 28 303 C 18 
uPD41416-15 150 260 275 
uPD41416-20 200 330 248 
puPD41464-10 64K x 4 NMOS 100 200 +5 28 440 C/L 18 
puPD41464-12 120 220 413 
uPD41464-15 150 260 385 
uPD411000-10 1Mx1 MNOS 100 200 +5 28 550 C/LA C= 18, 
uPD411000-12 120 220 495 LA = 26/20 
uPD411000-15 150 260 440 
uPD411001-10 1M x 1 NMOS 100 200 +5 28 550 C/LA C= 18, 
uPD411001-12 120 220 495 LA = 26/20 
pPD411001-15 150 260 440 
puPD414256-10 256K x 4 NMOS 100 200 +5 28 550 C/LA C= 20, 
puPD414256-12 120 220 495 LA = 26/20 
pPD414256-15 150 260 440 
Note: 
Package: C = Plastic DIP; L = Plastic Leaded Chip Carrier; V = Zig-zag Inline Package; LA = Small Outline J-Lead Package 
XRAM Selection Guide 

Maximum Power 

Access Cycle Supply ___ Dissipation (mW) {mW} 
Device Organization © Process Time (ns) Time (ns} Voltage Standby Active Package Pins 
puPD4168-12 8K x8 NMOS 120 220 +5 28 358. C 28 
pPD4168-15 150 260 330 
uPD4168-20 200 330 303 
pPD42832-10 32K x 8 CMOS 100 160 +5 2.8 330 C/G 28 
puPD42832-12 120 190 275 
pwPD42832-15 150 235 220 
Note: 


Package: C = Plastic DIP; G = Plastic Miniflat Package 
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MOS Static RAM Selection Guide 


Maximum Power 


Access Cycle Supply __ Dissipation (mw) 
Device Organization Process Time (ns) Time (ns) Voltage Standby Active Package Pins 
uPD446-3 2K x8 CMOS 150 150 +5 0.055* 209 C/G 24 
uPD446-2 200 200 165 
uPD446-1 250 250 143 
uPD446 450 450 99 
uPD449-3 2K x8 CMOS 150 150 +5 0.055* 209 C 24 
uPD449-2 200 200 165 
mPD449-1 250 250 143 
uPD449 450 450 99 
mPD2147A-25 4K x 1 NMOS 25 25 +5 110 880 D 18 
uPD2147A-35 35 35 
uPD2147A-45 45 45 
uPD2149-2 1K x4 NMOS 35 35 +5 — 990 D 18 
uPD2149-1 45 45 
uPD2149 55 55 
vPD4016-5 2K x8 NMOS 120 120 +5 83 330 C 24 
uPD4016-3 150 150 
uPD4016-2 200 200 
uPD4016-1 250 250 
vPD4311-35 16K x 1 Mix-MOS 35 35 +5 11 440 C 20 
muPD4311-45 45 45 
uPD4311-55 55 55 
uPD4314-35 4K x 4 Mix-MOS 35 35 +5 11 440 C 20 
uPD4314-45 45 45 
uPD4314-55 55 55 
uPD4361-40 64K x 1 Mix-MOS 40 40 +5 11 660 K 22 
uPD4361-45 45 45 C/K 
uPD4361-55 55 55 C/K 
uPD4361-70 70 70 C 
uPD4362-45 16K x 4 Mix-M0S 45 45 +5 11 495 C 22 
uPD4362-55 55 55 
uPD4362-70 70 70 
uPD4364-12 8K x 8 Mix-M0S 120 120 +5 11/0.55/0.055 220 C/G 28 
uPD4364-15 150 150 220 
uPD4364-20 200 200 193 
uPD4464-15 8K x8 CMOS 150 150 +5 0.055/0.0055 220 C/G 28 
puPD4464-20 200 200 193 
uPD43256-10 32K x 8 Mix-M0S 100 100 +5 11/0.55 385 C/G 28 
uPD43256-12 120 120 


vPD43256-15 150 150 


Note: 
Package: C = Plastic DIP; G = Plastic Miniflat Package; D = Cerdip; K = Ceramic Leadiess Chip Carrier (LCC) 
* Lower power version available; refer to the data sheet for more detail. 
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ECL RAM Selection Guide 

Address Chip Select 

Access Access Supply Maximum Power 
Device Organization Process Time {ns} Time {ns) Voltage Dissipation (mW) Package Pins 
pPB10422-7 256 x 4 10K 7 oF —5.2 1144 D 24 
uPB10422-10 10 5* 
uPB10470-10 4K x 1 10K 10 6 —5.2 1144 D 18 
uPB10470-15 15 8 
puPB10474-8 1Kx4 10K 8 5 —5.2 1144 D 24 
puPB10474-10 10 6 
uPB10474-15 15 8 
uPB100422-7 256 x 4 100K 7 5* —4.5 990 B/D 24 
uPB100422-10 10 5* 
uPB100470-10 4K x1 100K 10 6 —4.5 990 D 18 
yPB100470-15 15 8 
uPB100474-4.5 1K x4 100K 45 4 —4.5 2025 K 24 
pPB100474-6 6 4 2025 B/K 
uPB100474-8 8 5 990 B/D 
uPB100474-10 10 6 990 B/D 
uPB100474-15 15 8 990 B/D 
Note: 


Package: D = Ceramic DIP; B = Ceramic Flat Package; K = Ceramic Leadless Chip Carrier (LCC) 
* Block Select Access Time (ns). 
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EPROM Selection Guide 
Maximum Power 

Access Programming Supply ___Dissipation (mW) 
Device . Organization Process Time (ns) Option. Voltage Standby Active Package Pins 
uPD2764-2 8K x8 NMOS 200 UV +5 210 499 D 28 
uPD2764 250 UV/OTP C/D 
uPD2764-3 300 UV/OTP C/D 
uPD2764-4 450 UV/OTP C/D . 
uPD27128-2 16K x 8 NMOS 200 UV +5 210 604 D 28 
uPD27128 250 UV/OTP C/D 
uPD27128-3 300 UV/OTP C/D 
uPD27128-4 450 UV/OTP c/D 
uPD27256 32K x 8 NMOS 250 UV +5 210 604 D 28 
uPD27256-3 300 
uPD27064-20 8K x8 CMOS 200 UV +5 0.55 165 D 28 
uPD27C64-25 250 UV/OTP C/D 
uPD27C64-30 300 UV/OTP C/D 
uPD27C256-15 32K x 8 CMOS 150 UV +5 0.55 165 D 28 
uPD27C256-20 200 UV/OTP c/D 
uPD27C256-25 250 UV/OTP C/D 
uPD27C256A-12 32K x 8 CMOS 120 UV +5* 0.55 165 D/K 28 
pPD27C256A-15 150 UV/OTP C/D/G/K (except K = 32) 
pPD27C256A-20 200 UV/OTP C/D/G/K 
uPD270512-15 64K x 8 CMOS 150 UV +5* 0.55 165 D 28 
uPD270512-20 200 
pPD270512-25 250 
uPD27C01024-15 64K x 16 CMOS 150 UV +5* 0.55 275 D 40 
uPD27C1024-20 200 
uPD27C1024-25 250 
Note: 


Package: C= Plastic DIP for OTP (One Time Programmable) EPROMs; G = Plastic Miniflat Package for OTP; 
D = Ceramic DIP with quartz window; K = Ceramic Leadless Chip Carrier with quartz window 


*Programming voltage = 12.5+0.3V 
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Mask-Programmable ROM Selection Guide 


Maximum Power 
Dissipation (mW)* 





Access Cycle ie eheatee ee 
Device Organization Process Time (ns) Time (ns) Operation Standby Active Package Pins 
pPD2364A-1 8K x8 NMOS 150 150 Static 83 385 C 24 
uPD2364A 200 200 
puPD2364E-1 8K x 8 NMOS 200 200 Static 105 420 C 28 
uPD2364E 250 250 
uPD23128E 16K x 8 NMOS 250 250 Static 138 495 C 28 
puPD23C64E-1 8K x8 CMOS 150 150 Static 0.165 165 C 28 
uPD23C64E 200 200 138 
pPD23C128E-1 16K x8 CMOS 150 150 Static 0.165 165 C 28 
pPD23C128E 200 200 138 
uPD23C256E-1 32K x 8 CMOS 150 150 Static 0.165 165 C/G 28 
uPD23C256E 200 200 138 
uPD23C 1000-1 128K x 8 CMOS 200 200 Static 0.55 220 C 28 
uPD23C1000 250 250 
uPD23C2000 128K x 16 or CMOS 250 250 Static 0.55 220 C 40 


256K x 8 





Note: 
Package: C = Plastic DIP; G = Plastic Miniflat Package 
* Supply voltage = +5 V for all ROMs. 


Bipolar PROM Selection Guide 


Address Chip Select 

Access Access Supply Maximum Power 
Device Organization Process Time (ns) Time (ns) Voltage Dissipation (mW) Package Pins 
uPB426-3 1K x 4 TTL 35 25 +5 826 c/D 18 
uPB426-2 50 30 
uPB426-1 60 40 
uPB426 70 45 
uPB429-3 2K x8 TTL 45 30 +5 880 C/D 24 
uPB429-2 50 30 
uPB429-1 60 40 


uPB429 70 50 
Note: : 
Package: C = Plastic DIP; D = Ceramic DIP 
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Section 2 — Quality and Reliability 
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Introduction 


NEC has adopted Tota! Quality Contro! (TQC) to 
ensure the highest quality and reliability of its state-of- 
the-art memory products. With TQC, excellence is 
built into the product at every phase of production. 


As large-scale integration reaches higher density levels, 
simple quality inspections cannot ensure adequate levels 
of excellence. Only with TQC during every stage of 
production, can NEC maintain its total product 
superiority in the semiconductor industry. 


Approaches to Total Quality Control 


Total Quality Control enables early detection of 
possible failures in memory products, so that problems 
in design may be prevented. Immediate action can then 
be taken before a problem occurs. 


At NEC, all employees are involved with the concept 
and methodology of TQC. This quality insurance 
policy is an integral part of the entire organization. 


NEC’s research and development constanily strives to 
achieve higher standards. This ongoing process 
reduces extensive failure analysis and corrective 
actions taken as preventative measures. 


Our goals are to upgrade quality standards and to 
further improve the superior product that has become 
synonymous with the NEC name. 


implementations of Distributed 
Quality Control 


Building excellence into a product requires the earliest 
possible detection of failure in each phase. Immediate 
action is taken to remove the cause of failure. Because 
fixed-station quality inspection often precludes the 
ability to take immediate action, it is necessary to 
perform quality control functions at each step — 
especially at the conceptual stage. 


Here are the significant stages 


CL) Product development 

LI Wafer processing 

O Assembly 

0 Electrical testing and screening 
O Pre-inventory inspection 

C] Reliability assurance test 
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Product Development 


The product development phase includes product 
conception, review of the device proposal, organization 
and physical element design, engineering evaluations, 
and transfer of the product to manufacturing. 


In every step of the product development phase, quality 
and reliability requirements must be satisfied. Utilizing 
the TQC approach has shortened the product develop- 
ment cycles by two to three months. Building 
superiority into the product cannot be sacrificed — 
TQC is a way of life at NEC. 


Wafer Fabrication Process Flow 


The in-process quality inspections (frequency) that 
occurs at the wafer fabrication stage are as follows: 


Flow Process Typical Item Frequency 
(Wafers) 
Dimension Every lot 
Incoming inspection —_ Resistivity Every lot 
Appearance Every lot 
{Masks} 
Incoming inspection 
Photo lithography Alignment accuracy —_ Every lot 
Etching accuracy Every lot 
Difuse and oxidize Oxide thickness Every lot 
Sheet resistivity Every lot 
Metalize Aluminum thickness = Every run 
Electrical parameters Every lot 
Passivation CVD thickness Every run 
Wafer sort Electrical 
characteristics 100% chips 
Dicing 
Chip visual Appearance 100% chips 
To assembly 


Note: The wafer fabrication steps repeated in the actual flow, 
which complies with our manufacturing specification, are 
eliminated in this diagram. 
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Assembly Process Flow of Plastic Memories 


The in-process quality inspections (frequency) that 
are done during the assembly process are as follows: 


Process 


Chip 
(Lead frame, solder) 
Incoming inspection 


Chip mounting 
(Fine Wire} 
Incoming inspection 


Wire bonding 
Pre-seal visual 
(Molding compound) 
Incoming inspection 


Molding 

Thermal aging 
Plating 

Plating inspection 


Lead cut and bending 
Marking 
To test 


Typical item 


Appearance 


Bond strength 
Appearance 


Appearance 


Appearance 
Solderability 
Thickness 


Marking permanency 


Frequency 


Every lot 


Every shift 
100% IC's 


100% 1C’s 


Every lot 
Every day 
Every day 


Every run 


NEC 


Electrical Testing and Screening 


Electrical testing and infant mortality screening are 
performed at this stage. The flow chart below depicts 
the process. 


Flow Process Frequency 
Assembly 
Ist electrical test 100% 
Burn-in 100% 
2nd electrical test 100% 
PDA 
Pre-inventory Inspection Every lot 
Reliability assurance test Every tot or 


every month 
Warehouse/finished goods 
Customer 


In the first electrical test, DC parameters are tested, in 
accordance with electrical specifications, on 100% of 
each lot. This prescreen performance is completed 
prior to the infant mortality testing. 100% burn-in, as an 
integral part of the standard production process, is the 
most significant preventative measure NEC has 
implemented. 


In the second electrical test, AC functional as well as 
DC parameter tests are performed. If the percentage of 
defective units exceeds a set limit, the lot is subject to 
an additional burn-in. During this second burn-in, the 
defective units undergo a failure analysis. The results 
of this analysis are then fed back into the process for 
corrective action. 


Pre-Inventory Inspection 


Prior to warehouse storage, lots are subject to an 
incoming inspection according to the following 
sampling plan: 

O Electrical Test — DC parameters LTPD 3% 


Function test LTPD 3% 
O Appearance — LTPD 3% 


NEC 


Reliability Assurance Test 


The reliability assurance tests performed by NEC 
consist of high temperature operating life (HTOL), 
high temperature humidity life (HTSL), high humidity 
storage life (HHSL), and high humidity operating life 
(HHOL). In addition, various environmental and 
mechanical tests are also performed. Table 1 shows 
test conditions of various life tests, environmental 
tests, and mechanical tests performed on samples 
taken from similar process families on a monthly basis. 


Table 1. 


MIL-STD 883B 


Test item Symbo! Method, Condition Remarks 
High temperature 10050 (T, = 125°C) 
operating life HTOL Vop as specified Note 1 
High temperature ae 
storage life HTSL 1008(T,= 150°C) Note! 
High humidity Ta, = 85°C at 85% RH 
operating life WHOL Vpp a8 specified Wate 1 
High humidity eee i 
storage life HHSL = Ty = 85°C at 85% RH Note 1 
Pressure cooker test PCT 125°C (2.5 atm} Note 1 
Broken lead is 
Lead Fatigue C3 2004B2 considered to be 
a reject 
Less than 95% 
, Ta = 230°C, 5 sec coverage is 
Solderability a Use resin base flux considered to be 
a reject 
F 260°C, 10 sec w/out 
Soldering heat Cé flux — Note 2 Note 1 
Temperature cycle C6 eee : ia - : Note 1 
1011A; 15 cycles 
Thermal shock C6 0°C to 100°C Note 1 


Notes: 1. Electrical test per data sheet is performed. Devices that 


exceed these data sheet limits are considered to be 


rejects. 


2. MIL-STD-750A Method 2031. 


QUALITY AND RELIABILITY 


Summary 


Building quality and reliability into products is the 
most efficient way to ensure product excellence. NEC’s 
TQC process steps form a consolidated quality control 
system and guarantees a superior product. 


The introduction of 100% burn-in and the performance 
of monthly reliability assurance tests, have established 
a singularly high standard of excellence for NEC’s 
large-scale integrated circuits. 


With total commitment to Total Quality Control, NEC is 
committed to producing superior products. Through 
continuous research and development, extensive failure 
analysis and process improvements, NEC continues to 
set and maintain the highest standards of quality and 
reliability. 
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APPLICATION-SPECIFIC MEMORIES 3) 
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APPLICATION-SPECIFIC MEMORIES 
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Section 3 — Application-Specific Memories Page 
uPD41101 910 x 8-Bit FIFO Memory ....... cece cece eee eee eee e eee eeeees 3-1 
pPD41102 1135 x 8-Bit FIFO Memory ..... cc ccc cc ccc ccc cc eee e eee teeta eenes 3-13 
vPD41221 224,000-Bit Serial-Access NMOS RAM ..........cseeecccceeeeeceeenes 3-25 
uPD41264 262,144-Bit Dual Port Dynamic NMOS RAM ...........cccceeee cence 3-33 
App. Note 32 uPD41221 Serial Access Memory with Customized Array Size .......... 3-43 
App. Note 33 uPD41264 VRAM and uPD7220A System Implementation .............. 3-53 
App. Note 34 uPD41264 262,144-Bit Dual-Port Dynamic NMOS RAM ................ 3-59 
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NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


This device is a 910-word by 8-bit first-in first-out 
biport memory fabricated with the N-channel silicon 
gate process. The device helps to create an NTSC 
flicker-free television picture (noninterlace conversion) 
by providing intermediate storage and very high speed 
read and write operations. 


The uPD41101 can also be used as a digital delay line. 
The delay length is variable from 10 to 910 bits. 


Features 


0 910-word x 8-bit organization 

CJ FIFO (first-in first-out) biport memory 

C Suitable for NTSC, 4fgc¢ digital television systems 

O) Asynchronous and simultaneous read/write 
operations 

CX) Can be used as a 1H (910-bit) delay line 

C] TTL compatible 

O Three-state outputs 

O Single 5 V + 10% power supply 

O 24-pin, 300 mil DIP package 


Performance Ranges 


Read Read Write 

Cycle Access Cycle 
Device Time (Min) Time (Max} Time (Min) 
uPD41101-3 34 ns 27 ns 34 ns 
uPD41101-2 34 ns 27 ns 69 ns 
wPD41101-1 69 ns 49 ns 69 ns 


Pin Identification 


No. Symbol Function 

1-4, 9-12 Douto-Dout7 Read data outputs 

5 RE Read enable input 

6 RSTR Read address reset input 
7 GND Ground 

8 RCK Read clock input 

13-16, 21-24 Dino-Dinz Write data inputs 

17 WCK Write clock input 

18 Vec 5 V power supply 

19 RSTW Write address reset input 
20 WE Write enable input 


uPD41101 
910 x 8-BIT 
FIFO MEMORY 


Pin Configuration 








yPD41101 


16 TF Dina 
15 [] Dins 
14 [7] Dins 
13 9 Dinz 


Douts LJ 10 
Doute (J 11 
Dout?7 (12 





83-003653A 


Pin Functions 
Dino-D\n7 [Data Inputs] 


In a digital television application, the digital composite 
signal, luminance, chrominance, etc., information is 
written into these inputs. 


Douto-DoutT7 [Data Outputs] 


These tri-state outputs are used to access the stored 
information. Inasimple digital delay line application, a 
minimum delay of 10 clock cycles is required to move 
data from the data inputs to the data outputs. 


RSTW [Write Address Reset Input] 


Bringing this signal to a low level resets the internal 
write address to 0. The state of this input is strobed by 
the rising edge of WCK. 


RSTR [Read Address Reset Input] 


Strobed by the rising edge of RCK, this signal resets 
the internal read address to 0. 


WE [Write Enable Input] 


This input controls write operations. lf WE is ata low 
level, all write operations proceed. If WE is at a high 
level, no data is written to storage cells and the write 
address stops increasing. The state of WE is strobed by 
the rising edge of WCK. 


RE [Read Enable Input] 


This signal is similar to WE but controls read operations. 
If RE is at a high level, the data outputs become high 
impedance and the internal read address stops in- 
creasing. The state of RE is strobed by the rising edge 
of RCK. 
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WCK [Write Clock Input] 


All write operations are performed synchronously with 
WCK. The states of both RSTW and WE are strobed by 
the rising edge of WCK at the beginning of acycle, and 
the data inputs are strobed by the rising edge of WCK 
at the end of a cycle. The internal write address 
increases with each WCK cycle unless WE is ata high level 
to hold the write address constant. Unless inhibited by 
WE, the internal write address will automatically wrap 
around from 909 to 0 and begin increasing again. 





RCK [Read Clock Input] 


All read operations are performed synchronously with 
RCK. The states of both RSTR and RE are strobed by 
the rising edge of RCK at the beginning of acycle. This 
same edge of RCK starts the internal read operation, 
and access time is referenced to this edge. The internal 
read address increases with each RCK cycle unless RE 
is at a high level to hold the read address constant. 
Unless inhibited by RE, the internal read address will 
automatically wrap around from 909 to 0 and begin 
increasing again. 





Block Diagram 


Column 
Selectors 


Dino~Din7 
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Dual-Ported 
Mi 


NEC 


Absolute Maximum Ratings 


Supply voltage, Voc —1.5 to +7.0V 
Voltage on any input pin, V, —1.5 to +7.0V 
Voltage on any output pin, Vo —1.5 to +7.0V 
Short circuit output current, los 20 mA 
Operating temperature, Topp —20 to +70°C 
Storage temperature, TsTg —55 to +125°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Read 
Control 


Column 
Selectors 


Douto—~Dout7 
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Figure 1. Connection for Noninterlace Conversion 





Reset 


Actual Line 
Data Inputs 
A 










Interpolated Line 
Data Inputs 
r 


Transmitted 
Television 
Picture 


\ 
Interpolated Line 





Recommended DC Operating Conditions 
Ta = —20 to +70°C 


Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Supply Voc 45 50 55 V 
voitage 
Ground GND 0 0 0 V 
Input voltage Vin 2.4 55 V 
high 
Input voltage Vit —1.5 08 = =V 
low 
Capacitance 
Ta = —20 to +70°C; Voc = 5.0 V 10%; f = 1 MHz 

Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Input C 5 pF WE, RE, WCK, 
capacitance RCK, RSTW, 


RSTR, Dino-Dinz 


Output Co 7 ~~ PF Douto-Dout7 


capacitance 


Note: 
(1) These parameters are sampled and not 100% tested. 





RCK 
[8fsc = 28.6 MHz] 


a 
mi 
-_ 


Data Outputs 
\ 


\ 
N 


al 
mi 
nN 


WCK 
[4fgc = 14.3 MHz] 


DC Characteristics 
Ta = —20 to +70°C; Voc = 5.0 V +10% 


Limits 
Parameter 


Write/Read lec 90 
cycle operating 
current 


Noninterlaced Line 


Symbol Min Typ Max 


4vPD41101 


\ 
\ 
\ 
\ 
x 
\ 
at 
. 


Displayed 
Television 
Picture 
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Test 
Unit Conditions 


mA 


BA V| =0 to Voc; all 


Input leakage 
current 


Output leakage —Ip 10 10 
current 

Output voltage VoH 2.4 

high 

Output voltage VoL 0.4 
low 


Note: 
(1) All voltages are referenced to ground. 


other pins not 
under test =0V 


HA Dout is disabled; 


Vo =0to5.5V 
V loy =—1mA 
V lop =2mA 
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AC Characteristics 
Ta = —20 to +70°C; Voc = 5.0 V + 10% 





Limits 

uPD41101-3 wPD41101-2 uPD41101-1 Test 
Symbol Parameter Min Max Min Max Min Max —— Unit Conditions 
twex Write clock cycle time 34 «61090 «= -69—Ci‘d10902=~:«—i«aNsi(asi‘édDSC=“‘éS 
twew WCK pulse width 14 25 25 ns 
twep WCK precharge time 14 25 25 ns 
trek Read clock cycle time 34 1090 34 1090 69 1090 ns 
trow RCK pulse width 14 14 25 ns 
trop RCK precharge time 14 14 25 ns 
tac Access time 27 27 49 ns 
tacr Access time after a reset cycle 49 49 49 ns 
tou Output hold time 5 5 5 ns 
tour Output hold time after a reset cycle 5 5 5 ns (Note 7) 
tLz Output active time 5 27 5 27 5 49 ns (Note 4) 
tyz Output disable time 5 27 5 27 5 49 ns (Note 4) 
tos Data-in set-up time 14 18 18 ns 
tox Data-in hold time 5 5 5 ns 
trs Reset active set-up time 14 14 20 ns (Note 8) 
tRH Reset active hold time 5 5 5 ns (Note 8) 
tnt Reset inactive hold time 5 5 5 ns (Note 9) 
trn2 Reset inactive set-up time 14 14 20 ns (Note 9) 
twes Write enable set-up time 14 20 20 ns (Note 10) 
twWeH Write enable hold time 5 5 5 ns (Note 10) 
tWend Write enable high delay from WCK 5 5 5 ns (Note 11) 
twene2 Write enable low delay to WCK 14 20 20 ns (Note 11) 
tres Read enable set-up time 14 14 20 ns (Note 10) 
tREH Read enable hold time 5 5 5 ns (Note 10) 
trend Read enable high delay from RCK 5 5 5 ns (Note 11) 
trREN2 Read enable low delay to RCK 14 14 20 ns (Note 11) 
twew Write disable pulse width 0 (Note6) 0 (Note6) 0 (Note6) ms 
trew Read disable pulse width 0 (Note6) 0 (Note6) 0 (Note6) ms 
trsTW Write reset time 0 (Note6) 0 (Note6) 0 (Note6) ms 
tRSTR Read reset time 0 (Note6) 0 (Note6) 0 (Note6) ms 
tt Transition time 3 35 3 35 3 35. ns 
Note: 


(1) All voltages are referenced to ground. 

(2) Input pulse rise and fall times assume ty = 5 ns. 

(3) Input pulse levels = GND to 3 V. Transition times are measured between 3 V and OV. 

(4) This delay is measured at + 200 mv from the steady state voltage with the load specified in figure 4. Under any conditions, t_z = tyz. 
(5) Input timing reference levels = 1.5 V. 
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AC Characteristics (cont) 


Note [cont]: 
(6) twew (max) and taew (max) must be satisfied by the next equations in 1 line cycle operation: 


twew + tastw + 910twck = 1ms 
trew + tastr + 910tack = ims 


(7) This parameter has meaning when tack = tacr (max). 
(8) If either tag or tay is less than the specified value, reset operations are not guaranteed. 


(9) Ifeither tay, or tang is less than the specified value, internal reset operations may extend to cycles immediately preceding or following the 
period of desired reset operations. 


(10) If either twes or tweH (tres OF tReEH) is less than the specified value, write (read) disable operations are not guaranteed. 


(11) If either twen, Or tweno (tren OF tReNg) is less than the specified value, internal write (read) disable operations may extend to 
cycles immediately preceding or following the period of desired disable operations. 


Figure 2. Connection for a 1H (910 Bit) Delay Line AC Input Timing Reference Waveform 
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Data AC Output Timing Reference Waveform 
Inputs 8 Outputs 





83-003651A 





83-003639A 


Figure 3. Output Load for tac, tacr, ton, and tour 


+5V 
1.9kQ 
Dout 
1.0kQ i 30 pF 


Figure 4. Output Load for t.z and tyz 
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Timing Waveforms 


Basic Timing for Noninterlace Conversion 


to (DH 


CR (0000009 C00) QC: A 00 0 


tRCK 


910 Read Cycies 


a= 
ton 
455 Write Cycles 455 Write Cycles 


Note: 
(1] WE=Vit. 
[2] V = Valid Data. 


[3] For compatibility with NTSC standards the WCK frequency is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 
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Timing Waveforms (cont) 
Application Timing for Noninterlace Conversion 
910 Write Cycles 


all a 


‘RH 


es \ . a 7 
ae OAK WY V4 [0] rT 01 YN KY iN 


nyo mannan ean Ha Wyo War wan 


woe JUL LL eg Je 
910 Read Cycles 


910 Write Cycles 910 Write Cycles 





WE =Vi. 
V = Valid Data. 
For compatibility with NTSC standards the WCK frequency is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 
1H =the first “actual line” of 910 words. 1H’ = the first [normally] interpolated line of 910 words. 
See Figure 1. 
See Figure 1. Din above represents the scan line input to one of the two vPD41101s. DouT and 
RE above represent the combined output and the complementary RE inputs for both devices. 
The signals tor one u.PD41101 are drawn as solid lines; the signals for the second uPD41101, 
as dashed lines. 
Reset pulses can be applied to RSTW and RSTR at regular intervals to remove any effects due 
to jitter in the system clock. 
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910-Bit Delay Line 


y 


PE wins TINY vies KY viooel HAY roca AWN row VY vem\ Qi Vrerel WAY viens XY v 


910 Cycles 


3 (| 


{\ 


tac tow 


[1] V = Valid Data. 
[2] 1H = the first group of 910 bits. 2H = the second group of 910 bits. 
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Timing Waveforms (cont) 


n-Bit Delay Line 


cor LOI THEI ee 


—="—4ane H Data 


rare 


[1] V = Valid Data. 
(2] 1H = the first group of n bits. 2H = the second group of n bits. 
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Note: 

[1] RE = Viv. 

[2] V = Valid Data. 

{3] The data stored in any location can be re-read as many times as desired within a period of 1 ms 


following the writing of data into that location provided that a second write operation has not 
re-written new data into that location. 





N: E Cc 4uPD41101 


Timing Waveforms (cont) 


Read or Write Reset 


Reset Cycles 


0 1 
tRstw, trsTR 


| 


MAE vs _ KARAM CCA RE CA RS 


VAAN a . RAAAAAS AAAANAL WWW 
AY ves SOHN vom NY) iit NY) 
ll = iL. | aa 


Note: 

(1) WE=RE=Vir. 

(2] V = Valid Data. 

[3] Read operations commence from the rising edge of RCK at the beginning of a cycle. For the 
first cycle in a group of reset cycles, the read access time is defined as tacr. In all other cycles, 
tac defines the read access time. 

{4] H = 910 cycles. 

{5] Write data is strobed into the device on the rising edge of WCK at the end of a cycle. 
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Write Disable 


Disable Cycles 


SOD C1) 0 ESE SAOMIUNUNANAALON CED CN CRED VN Ca 


Note: 
{1} V = Valid Data. 
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Timing Waveforms (cont) 


Read Disable 


Disable Cycles 


\ 08) =a 


A 2! XM 


Note: 
[1] V = Valid Data. 
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(910-m)-Bit Delay Line, No. 1 


RSTW 


| QR (Kh SED CA) REDD SES VC SED (00 DV RR 0) 


™" EE hh a 


pour AMX vers) HAYAAX vss XAAMN vs) KAYAK vs XX ve XRAYXY. vo ARRAY ves) AYA» 
pm Jorn MAAN see HII woo ANA were YAK vos RAY ves YK wer Av 


Note: 


[1] RE = Vi. 
{2] V = Valid Data. 
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Timing Waveform (cont) 


(910-m)-Bit Delay Line, No. 2 


ira MM (1 ESE CN) SED AC SS) SED A SED VN SN 


om re i) a | A 
Vy 
pour HAA =) YARHRY = KARRI. XXX et RHHAY we: XARHRK v2 XA w= 


om Fee HAN vee YA wee KAR vor AK ween RAK vier YAU we YO 


Note: 
[1] RE = Vit. 
[2] V = Valid Data. 
83-0036598 
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NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


This device is a 1135-word by 8-bit first-in first-out 
biport memory fabricated with the N-channel silicon 
gate process. The device helps to create a PAL flicker- 
free television picture (noninterlace conversion) by 
providing intermediate storage and very high speed 
read and write operations. 


The uPD41102 can also be used as a digital delay line. 
The delay length is variable from 12 to 1135 bits. 


Features 


O 1135-word x 8-bit organization 

O FIFO (first-in first-out) biport memory 

0 Suitable for PAL, 4fsc digital television systems 

(3 Asynchronous and simultaneous read/write 
operations 

CL] Can be used as a 1H (1135-bit) delay line 

C] TTL compatible 

(J Three-state outputs 

O Single 5 V + 10% power supply 

CO) 24-pin, 300 mil DIP package 


Performance Ranges 


Read Read Write 

Cycle Access Cycle 
Device Time (Min} Time (Max) Time (Min) 
pPD41102-3 28 ns 21ns 28 ns 
vPD41102-2 28 ns 21 ns 56 ns 
uPD41102-1 56 ns 40 ns 56 ns 


Pin Identification 


No. Symbol Function 

1-4, 9-12 Douto-Dout7 Read data outputs 

5 RE Read enable input 

6 RSTR Read address reset input 
7 GND Ground 

8 RCK Read clock input 

13-16, 21-24 Dino-Dinz Write data inputs 

17 WCK Write clock input 

18 Voc 5 V power supply 

19 RSTW Write address reset input 
20 WE Write enable input 


vPD41102 
1135 x 8-BIT 
FIFO MEMORY 


Pin Configuration 





uPD41102 








Douts [] 10 15 7 Dins 
Douts (J 11 14 7 Dins 
Dout7 [7] 12 13 0 Oin7 
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Pin Functions 


Dino-Din7 [Data Inputs] 


In adigital television application, the digital composite 
signal, luminance, chrominance, etc., information is 
written into these inputs. 


Douto-Dout7 [Data Outputs] 


These tri-state outputs are used to access the stored 
information. In asimple digital delay line application, a 
minimum delay of 12 clock cycles is required to move 
data from the data inputs to the data outputs. 


RSTW [Write Address Reset Input] 


Bringing this signal to a low level resets the internal 
write address to 0. The state of this input is strobed by 
the rising edge of WCK. 


RSTR [Read Address Reset Input] 


Strobed by the rising edge of RCK, this signal resets 
the internal read address to 0. 


WE [Write Enable Input] 


This input controls write operations. If WE is at a low 
level, all write operations proceed. If WE is at a high 
level, no data is written to storage cells and the write 
address stops increasing. The state of WE is strobed by 
the rising edge of WCK. 


RE [Read Enable Input] 


This signal is similar to WE but controls read operations. 
If RE is at a high level, the data outputs become high 
impedance and the internal read address stops in- 
creasing. The state of RE is strobed by the rising edge 
of RCK. 
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WCK [Write Clock Input] 


NEC 


Absolute Maximum Ratings 


All write operations are performed synchronously with — Supply voltage, Vcc 71.5 to +7.0V 
WCK. The states of both RSTW and WE are strobed by _Voltage on any input pin, V; ~1.5to +7.0V 
the rising edge of WCK at the beginning ofacycle,and Voltage on any output pin, Vo —15to +7.0V 
the data inputs are strobed by the rising edge of WCK oe 

at the end of a cycle. The internal write address Short circuit output current, Ios ams 
increases with each WCK cycle unless WEisatahighlevel Operating temperature, TopR ~20 to +70°C 
to hold the write address constant. Unless inhibited by —_ Storage temperature, Tstg —55 to +125°C 


WE, the internal write address will automatically wrap 
around from 1134 to 0 and begin increasing again. 


RCK [Read Clock Input] 


All read operations are performed synchronously with 
RCK. The states of both RSTR and RE are strobed by 
the rising edge of RCK at the beginning of acycle. This 
same edge of RCK starts the internal read operation, 
and access time is referenced to this edge. The internal 
read address increases with each RCK cycle unless RE 
is at a high level to hold the read address constant. 
Unless inhibited by RE, the internal read address will 
automatically wrap around from 1134 to 0 and begin 
increasing again. 





Block Diagram 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Data Write 
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Figure 1. Connection for Noninterlace Conversion 












RCK 
[8tsc = 35.5 MHz] 









Actual Line 
Data Inputs 
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Noninterlaced Line 
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Interpolated Line 
Data Inputs 
® 
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Displayed 
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WCK 
[4fg¢ = 17.7 MHz] 
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Recommended DC Operating Conditions DC Characteristics 





Ta = —20 to +70°C Ta = —20 to +70°C; Voc = 5.0 V £10% 
Limits Test Limits Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 
Supply Voo 2645 =4«650 55 =~ =~=6V Write/Read loc 90 mA 
voltage cycle operating 
Ground GND 0 0 O V colt eS 
Input leakage | —10 10 A V;=0to Vcc; all 
Input voltage Vin 2.4 5.9 sient . 7 other pins not 
high under test = 0 V 
Dae Mi. “8 06 4 Output leakage Ip 10 10 A Dour is disabled: 
current Vo =0 to 5.5V 
. Output voltage Vou 2.4 V lox =—1 mA 
Capacitance high 
Ta = —20 to +70°C; Voc = 5.0 V +10%; f= 1 MH 
a Eee Cee oe? iid ‘Output voltage Vo 0.4 V Ip. =2mA 
Limits Test low 
Parameter Symbol Min Typ Max Unit Conditions Note: 
Input C 5 pF WE, RE, WCK, (1) All voltages are referenced to ground. 
capacitance RCK, RSTW, 
RSTR, Dino-Dinz 
Output Co 7 PF Doyto-Pout7 


capacitance 


Note: 
(1) These parameters are sampled and not 100% tested. 
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AC Characteristics 
Ta = —20 to +70°C; Vog = 5.0 V + 10% 





Limits 

vPD41102-3 yPD41 102-2 uPD41102-1 Test 
Symbol Parameter Min Max Min Max Min Max Unit Conditions 
tweK Write clock cycle time 28 880 56 880 56 880 ns 
twow WCK pulse width 12 20 20 ns 
twep WCK precharge time 12 20 20 ns 
tRok Read clock cycle time 28 880 28 880 56 880 ns 
trow RCK pulse width 12 12 20 ns 
tac RCK precharge time 12 12 20 ns 
tac Access time 21 21 40 ns 
tacr Access time after a reset cycle 40 40 40 ns 
ton Output hold time 5 5 5 ns 
toHR Output hold time after a reset cycle 5 5 5 ns (Note 7) 
tiz Output active time 5 21 5 21 5 40 ns (Note 4) 
tyz Output disable time 5 21 5 21 5 40 ns (Note 4) 
tps Data-in set-up time 12 15 15 ns 
tou Data-in hold time 5 5 5 ns 
tas Reset active set-up time 12 12 20 ns (Note 8) 
tH Reset active hold time 5 5 5 ns (Note 8) 
tui Reset inactive hold time 5 5 5 ns (Note 9) 
trn2 Reset inactive set-up time 12 12 20 ns (Note 9) 
twes Write enable set-up time 12 20 20 ns (Note 10) 
tweH Write enable hold time , 5 5 5 ns (Note 10) 
twent Write enable high delay from WCK 5 5 5 ns (Note 11) 
twene2 Write enable low delay to WCK 12 20° 20 ns (Note 11) 
tRES Read enable set-up time 12 12 20 ns (Note 10) 
tREH Read enable hold time 5 5 5 ns (Note 10) 
tREN1 Read enable high delay from RCK 5 5 5 ns _ (Note 11) 
tREN2 Read enable low delay to RCK 12 12 20 ns (Note 11) | 
twew Write disable pulse width 0 (Note6) 0 (Note6) 0 (Note6) ms 
tRew Read disable pulse width 0 (Note6) 0 (Note6) 0 (Note6) ms 
trsTW Write reset time 0 (Note6) 0 (Note6) 0 (Note6) ms 
trsTR Read reset time 0 (Note6) 0 (Note6) 0 (Note6) ms 
ty Transition time 3 35 3 35 3 35 ns 
Note: 


(1) All voltages are referenced to ground. 

(2) Input pulse rise and fall times assume ty = 5 ns. 

(3) Input pulse levels = GND to 3 V. Transition times are measured between 3 V and OV. 

(4) This delay is measured at + 200 mv from the steady state voltage with the load specified in figure 4. Under any conditions, t_z = tyz. 
(5) Input timing reference levels = 1.5 V. 
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AC Characteristic (cont) 
Note [cont): 


4uPD41102 


(6) twew (max) and taew (max) must be satisfied by the next equations in 1 line cycle operation: 


twew + tastw + 1135twok = 1 ms 
trew + tastr + 1135tacK S 1 ms 


(7) This parameter has meaning when tack = tacr (max). 


(8) If either tas or tay is less than the specified value, reset operations are not guaranteed. 


(9) !feither tan or tang is less than the specified value, internal reset operations may extend to cycles immediately preceding or following the 


period of desired reset operations. 


(10) If either twes or tweH (tres OF trey) is less than the specified value, write (read) disable operations are not guaranteed. 


(11) If either twen1 OF twene (treN1 OF treNg) is less than the specified value, internal write (read) disable operations may extend to 
cycles immediately preceding or following the period of desired disable operations. 


Figure 2. Connection for a 1H (1135-Bit) Delay Line 


Data 
Inputs 8 Outputs 


83-003639A 


Figure 3. Output Load for tac, tacr, ton, and tour 


+5V 
1.9kQ 
Dout 
1.0kQ ii 30 pF 


Figure 4. Output Load for tz and tyz 


83-003652A 














AC Input Timing Reference Waveform 





83-003650A 


AC Output Timing Reference Waveform 


83-003651A 
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Timing Waveforms (cont) 


Basic Timing for Noninterlace Conversion 



















trs—e>| eter, twCw—e|<— twop- ; 
$$$ _—$_—__—____—_ 
RSTR | ss es | 
WAVY WAVVAA/ VAN V\AAR VAVAVAYAVANAY, 
om XT CO 
RCK 
Dout v 
¢——567.5 or 1135 Write Cycies iisheiGrtse [a ee Wondicoctas : 
Hr 

Note: | 
(1) WE =Vi. 


[2] V = Valid Data. . . 


[3] For compatibility with PAL standards the WCK frequency is approximately 17.7 MHz. RCK 
cycles at twice this frequency, 35.5 MHz. 
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Timing Waveforms (cont) 


Application Timing for Noninterlace Conversion 









a oe a 
2 ie ae. 
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da 
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RCK 










Vig WA WAN 







Dout 






pe |) eee | OS | ae eee | ee | cn j 
}~<#—_—_——_—1135 Read Cycles —___—_-» 


1135 Write Cycles 









Note: 

(1) WE =ViL. 

(2] V = Valid Data. 

[3] For compatibility with PAL standards the WCK frequency is approximately 17.7 MHz. RCK 
cycles at twice this frequency, 35.5 MHz. 

[4] 1H= the first “actual line” of 1135 words. 1H’ = the first [normally] interpolated line of 1135 words. 
See Figure 1. 

[5] See Figure 1. Din above represents the scan line input to one of the two uPD41102s. Dout and 
RE above represent the combined output and the complementary RE inputs for both devices. 
The signals for one PD41102 are drawn as solid lines; the signals for the second vPD41102, 
as dashed lines. 

[6] Reset pulses can be applied to RSTW and RSTR at regular intervals to remove any effects due 
to jitter in the system clock. 
















83-003641C 






















Note: 
[1] V = Valid Data. 
[2] 1H = the first group of 1135 bits. 2H = the second group of 1135 bits. 
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Timing Waveforms (cont) 


n-Bit Delay Line 








om AY AAA oo IYO Cc vir wees His vio) 


j tps 








| tac fo Er Re ee eee ee 
tacr (a oe ae RAD) Pad Soden PO RRR Cat at Cs Ser 
vor XE CE XC NC eh eres eres 
Sa 
WE, FE ViL 
———— 
Note: 


[1] V = Valid Data. 
[2] 1H = the first group of n bits. 2H = the second group of n bits. 
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Re-Read Operation 


Note: 
[1] RE = Vu. 
[2] V = Valid Data. 


[3] The data stored In any location can be re-read as many times as desired within a period of 1 ms 
following the writing of data Into that location provided that a second write operation has not 
re-written new data into that location. 
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Timing Waveforms (cont) 
Read or Write Reset 











Reset Cycles 


om AIA JADA! Av 
seme) RS i) SSS RES i) RS 











Note: 

(1] WE = RE=Vit 

(2} V = Valid Data. 

(3) Read operations commence from the rising edge of RCK at the beginning of a cycle. For the 
first cycle in a group of reset cycles, the read access time is defined as tacr. In all other cycles, 
tac defines the read access time. 


(4] H = 1135 cyctes. 
[5] Write data is strobed into the device on the rising edge of WCK at the end of a cycle. 





83-003727B 


Write Disable 


Disable Cycles 


om YON wr NIG HNN = KATY om HT 


Note: 
{1] V = Valld Data. 





83-003723B 
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Timing Waveforms (cont) 
Read Disable 


Disable Cycles 


Dout 


Note: 
[1] V = Valid Data. 
83-003646B, 




















aia i AKAN) ES (A, ESS 1) ERS ED 1) ESV i 
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Note: 


(1] RE = Vic. 
[2] V = Valid Data. 
| 83-003647B 
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Timing Waveforms (cont) 


(1135-m)-Bit Delay Line, No. 2 





ram) MR (ESD VA) ESD GC) ESD ESD 1) CSSD A 
Dn re |) a | 1 
WZ 
pour BX wim KAMA = KAHL vo Av XR = XA 2 XA 8 2A» 


om J wien YAFAA ee, HAL we HAI wees AO vse YRHA vison HEN wee YA 


Note: 
{1]RE=Vi. 
[2] V = Valid Data. 
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NEC 


NEC Electronics Inc. 


Description 


The NEC pPD41221 is a 224,000-bit serial-access mem- 
ory that uses the same technology as standard N- 
channel MOS dynamic RAMs. The dynamic circuit 
technology based on the one transistor memory cell is 
combined with the double polysilicon NMOS process 
technology. 


The pPD41221 is well-suited for use as a field memory for 
television systems. The memory array, organized as 320 
rows by 700 columns, is a size that can satisfy almost all 
requirements for NTSC and PAL. Memory operation is 
based on one horizontal scanning period (1H). A serial 
read or write operation is executed on a row within 1H. 


The operation sequence within 1H is as follows: 
(1) The row location is specified by RCR (reset to row 0), 
INC (+1 increment), or DEC (— 1 decrement). 


(2) A data transfer cycle (from the row to the data regis- 
ter) is selected by RAS active with WE high. 


(3) SC causes a serial write or read operation between 
the data input/output and the data register from column 
0 to any column location up to 700. 


(4) REF (refresh control) executes internal automatic re- 
fresh asynchronously with serial operation. 


(5) Adata restore cycle (from the data register to the row 
selected) is selected by RAS active with WE low. 


Address pins are eliminated because serial address 
functions are built into the chip. SYN, an open-drain out- 
put, is in the low-impedance state from the 608th SC cy- 
cle to the beginning of the data restore cycle, allowing 
system designers to generate a horizontal sync signal. 


The pPD41221 data register stores memory data on one 
word line. A fast serial read or write is executed between 
the data input/output and the data register. During the 
serial operation, data refresh cycles for the memory ar- 
ray can be performed asynchronously. 


uPD41221 
224,000-BIT 
SERIAL-ACCESS NMOS RAM 


Revision 1 


Features 


OOO OO 


OOO OOO 


OOO 


224,000 x 1serial-access memory 

Screen size memory array suitable for NTSC and 
PAL 

+5V+10% single power supply 

On-chip substrate bias generator 

Two key functional blocks: 

320-row by 700-column memory array 

700-bit data register 

Full serial operation with line pointer control 
Variable serial cycle numbers up to column bit size 
Input data appears on data output in serial write 
cycle 

Dual (refresh/serial) operation 

Refresh cycle: 320 cycles/2ms 

Power dissipation: 

-Active: 385 mW (max) 

-Standby: 82.5 mW (max) 

All inputs TTL-compatible 

Three-state HCMOS-compatible output 

Output data caused by negative SC transition is 
maintained up to next SC or RAS negative transi- 
tion 





Performance Ranges 


sc Access 
Cycle Time_ SerialRead Serial Write 
Device Time fromSC CycleCurrent Cycle Current 
uPD41221-70 70ns 55 ns 55 mA 55 mA 
pPD41221-90 90 ns 75ns 45 mA 45mA 


Pin Configuration 





ol 
N 
w 
= 
z 
a 
a 
ES 
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Pin Identification 


No. Symbol Function 
1 INC Row counter increment 

2 DEC Row counter decrement 
3 RCR Row counter reset 

4 - Dout Data out 

5, 13 NC No connection 

6 St Serial control 

7 GND Ground 

8 RAS Row address strobe 

9 WE. Write enable 

10 Din Data in 

11 SYN Sync acknowledge 

12 REF Refresh control 

14 Voc +5V + 10% power supply 


Block Diagram 











Retresh 
Address 
Counter 






Memory Cell Array 






Row 
Address 
Counter 






Data Register 


Serial Selector 
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Absolute Maximum Ratings 


Supply voltage on Vcc relative to GND, Vec —1.0to +7.0V 
Supply voltage on inputs relative to GND, V, —1.0to +7.0V 
Supply voltage on outputs relative to GND, Vo -1.0to +7.0V 
Operating temperature, Tope -10 to +70°C 
Storage temperature, Tstg —55 to +125°C 
Short circuit output current, Igs 50 mA 
Power dissipation, Pp 1.0W 


Comment: Exposing the device to stresses above those listed in Abso- 
tute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


Capacitance 
Ta = 25°C, Voc = 5V, f= 1MHz 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input C; 10 pF GND=0V 
capacitance 
(RAS, REF, SC, 
WE, Din. RCR, 
INC, DEC) 
Output Co 10 pF GND=0V 
capacitance 
(Dour. SYN) 
DC Characteristics 
Ta = —10 to +55°C; Veg = 5.0V +10%; GND=0V 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Ve¢ 45 50 55 V 
Input voltage, = Vy, -1.0 0.8 V 
low 
Input voltage,  Viy 2.4 5.5 V 
high 
Output voltage, Vo. 0 0.2Voo V Ion =20uA 
low 
Output voltage, Voy  0.7Vcc Vec Vs lon=—-20pA 
high 
Input leakage =| -10 10 HA Vin=O0V to 5.5V; 
current all other pins=0V 
Output leakage |p -10 10 HA Dour disabled, 
current VoyT=0V to 5.5V 
Standby current Ic¢cy 15 mA  Ig=OmA (Dour. 
Sn); FAS, 86, 
REF, INC, DEC, 
and RCR=Viy 


N: KE Cc yPD41221 


Power Supply Current Characteristics 
Ta = —10 to +55°C, Vog = 5.0V +10%, GND =0V 


Limits 

yPD41221-70 pPD41221-90 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Data transfer cycle current lece 45 45 mA tao=tre min 
Data restore cycle current lec3 40 40 mA tro=trc min 
REF refresh cycle current loca 40 40 mA tro=tre min 
Serial read cycle current locs 55 45 mA tsc=tsc min 
Serial write cycle current lece 55 45 mA tsc=tsc min 
Row counter reset cycle current lec7 20 20 mA Minimum timing 
Row counter increment cycle current lecs 20 20 mA Minimum timing 
Row counter decrement cycle current lecg 20 20 mA Minimum timing 


Note: 
(1) An initial pause of 2ms is required after power-up, followed by any eight cycles of RAS or REF before achieving proper device operation. 





AC Characteristics 
Ta = —10 to +55°C, Veg = 5.0V + 10%, GND=0V 














Limits 
—ypoaaa-70__poatant-90 = 

Parameter Symbol Min Max Min Max Unit Conditions 
RAS cycle time tre 710 710 ns 

RAS pulse width tras 500 2000 500 2000 ns 

RAS precharge time trp 200 200 ns 

RAS to REF delay time treD 200 200 ns 

RAS to SC delay time tasp 300 300 ns 

Read setup time before RAS low tars 0 0 ns 

Read hold time after RAS high tRRH 20 20 ns 

REF precharge time before RAS low teRP 200 200 ns 

‘SC precharge time before RAS low tsrp 200 200 ns 

WE setup time before RAS low twrs 0 0 ns 

WE hold time after RAS low twrH 50 50 ns 

Output disable time from RAS ow trsz 0 400 0 400 ns (Note 1) 
REF cycle time tec 710 710 ns 

REF pulse width tREF 500 500 ns 

REF precharge time trp 200 200 ns 

SC cycle time tsc 70 90 ns 

SC pulse width tsa 25 2000 35 2000 ns 

SC precharge time tsp 25 2000 35 2000 ns 

WE setup time before SC low twss 0 0 ns 

WE hold time after SC low twsH 25 35 ns 

Read setup time before SC low trss 0 0 ns 

Read hold time after SC high tRSH 20 30 ns 

Data input setup time before SC low toss 0 0 ns 

Data input hold time after SC iow tosH 25 35 ns 

Access time from SC tsac 55 75 ns 


pPD41221 N: E Cc 


AC Characteristics (cont) 
Ta = -10to +55°C, Voc = 5.0V + 10%, GND=0V 





Limits 
uPD41221-70 uPD41221-90 Test 

Parameter Symbol Min Max Min Max Unit Conditions 
Output disable time from SC low tscz 5 40 5 60 ns (Note 1) 
RAS to RCR delay time tarp 200 200 ns 

RAS to INC delay time trip 200 200 ns 

RAS to DEC delay time tap 200 200 ns 

RCR pulse width tror 100 2000 100 2000 ns 

INC pulse width tinc 100 2000 100 2000 ns 

DEC pulse width toec 100 2000 100 2000 ns 

Time between RCR and INC trip 100 100 ns 

Time between INC and DEC tipp 100 100 ns 

Time between RCR and DEC trop 100 100 ns 

RCR precharge time before RAS low trap 100 100 ns 

INC precharge time before RAS low tine 100 100 ns 

DEC precharge time before RAS low torp 100 100 ns 

SYN response time after 608th SC tya 200 200 ns 

SYN recovery time after RAS low tsyr 0 1400 0 1400 ns 

Refresh interval trer 2 2 ms 

RAS precharge (serial operation) tres 2 2 ms 

Serial data output valid tsov 2 2 ms 

Transition time tr 3 35 3 35 ns 





Note: 
(1) tgoz and tagz define the times at which the output achieves the open-circuit condition and are not referenced to output voltage levels. The duration 
of the output voltage level depends on the time constant of the load. See input and output timing waveforms and figures 1 and 2. 


(2) Timing measurements assume ty; =5ns. 


(3) Vipy (min) and Vj, (max) are the reference levels for measuring the timing of input signals and ty. 


Figure 1. Loading Conditions Test Circuit for SYN Figure 2. Loading Conditions Test Circuit for Doyt 


83-003245A 
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Timing Waveforms 





Input Timing Output Timing 


eg ED ory 


tp=5ns 83-003262A 


83-003261A 





Data Transfer Cycle Data Restore Cycle 
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High Impedance 
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Serial Read Data Output Control 


bay ee 


Note: 


[1] SC count starts from location 0. 


[2] Vin, [min] and Vj_ [max] are reference 
levels for measuring timing of Input 
signals. Also, transition times are mea- 
sured between Vip and ViL. 


83-003265A 


83-003269A 
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Timing Waveforms (cont) 


Serial Read and Write Cycles Row Counter Cycle 























tRDD 


(1] View [min} and Vi_ [max) are reference 
levels for measuring timing of input 
signals. Also, transition times are mea- 
sured between Viq and Vi_. 





83-003267A 
¢ Valid Read Data 








Note: 


[1] Vin [min] and Vit [max] are reference 
Jevels for measuring timing of input Note: 
signals. Also, transition times are mea- 
sured between Vipq and VjL-. 


[1] SC count starts from focation 0. 


[2] Vin, [min] and Vi_ [max] are reference 
levets for measuring timing of input 
signals. Also, transition times are mea- 
sured between Vip and VIL. 
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Timing Waveforms (cont) 


Total Timing Scheme 











ow Counter Reset 


ow Counter Increment 


jow Counter Decrement 


Note: 


[t] In this table a “O” indicates that the operation is available using the 


timing shown above. ; 
83-003270B 
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yp PD41264 
262,144-BIT 

DUAL PORT 
DYNAMIC NMOS RAM 


Revision 2 





Description 

The NEC pPD41264 is a 262-144-bit Dual Port Memory 
equipped with a 64K x 4 dynamic RAM port anda 

256 x 4 serial read port. The RAM port looks exactly 
like the NEC standard 64K x 4 dynamic RAM, 
vPD41464. The serial read port is connected to an inter- 
nal 1024-bit data register through a 256 x 4 serial read 
output control and makes the memory look as if it were 
organized as 256 words of 1024 bits, each of which is 
read out serially 4 bits at a time. 

The pPD41264 features full asynchronous dual access 
capability except when transferring memory cell data 
from a selected word line of the RAM array to the data 
register. To perform the data transfer, a special timing 
cycle using a transfer clock is necessary for the RAM 
port. On the other hand, the serial read port can oper- 
ate without any change even during the data transfer 
period. Following the data transfer clock transition, the 
serial read output changes from an oid line to anew 
line. The serial read start location on the new line is 
addressable in the data transfer cycle. 

The RAM has a write-per-bit capability in addition to 
the conventional operation modes. Out of 4 data bits, 
individually selected bits can be written. 

The pPD41264 utilizes a double poly layer, N-channel, 
silicon gate process which provides high storage cell 
density, high performance, and high reliability. 
Refresh is accomplished by performing RAS-only re- 
fresh cycles or normal read or write cycles on the 256 
address combination of Ao through A7 during a4ms 
period. An automatic internal refresh is also available, 
using hidden refresh or CAS before RAS timing and on- 
chip internal refresh circuitry. Note that the transfer of 
a row of data from the memory array to the data regis- 
ter also refreshes that row. 


All inputs and outputs, including clocks, are TTL-compatible. 


All address lines and data-in are latched on-chip to simplify 
system design. Data-out is unlatched to allow greater sys- 
tem flexibility. 

The »PD41264 is packaged in a 24-pin, dual-in-line, plas- 
tic package and is guaranteed for operation from 0°C to 
+70°C. Packages are designed for insertion in mounting- 
hole rows on 400-mil (10.16mm) centers. 


Features 
] Combination of three key functional blocks 

1. 64K x 4 dynamic RAM 

2. 1024-bit data register 

3. 256 x 4 serial read output control 
L] Two data ports: one random access port 

one serial read port 

L) Data transfer from RAM to data register 
(] Fast serial read output from data register: up to 40ns 
L] Dual port accessibility except data transfer 
LJ Address start of serial read follows data transfer 


Features (cont) 


L] Possible data transfer also in parallel with serial read 
— Real time data transfer 
C] Single +5V + 10% power supply 
[] On-chip substrate bias generated 
CL] RAM port based on 64K x 4 specifications 
— 2main clocks: RAS, CAS, multiplexed address 
inputs 
— Common data input and output using 3-state output 
— OE allows direct connection of IO and address lines 
to simplify system design 
— Refresh: 256 cycles/4ms 
— Read, early write, late write, read-write/read- 
modify write, RAS-only refresh, and page 
mode capability 
— CAS before RAS: automatic internal refresh using 
on-chip refresh address counter 
— CAS-controlled output allows hidden refresh 
— Write-per-bit capability regarding 4 10 bits 
-Write bit select multiplexed on IOo-l03 
CL} Activation with RAS causes data transfer 
— Same RAS cycle time as RAM operation 
— Row address inputs specify a word line transferred to 
data register 
— Column address inputs specify start location of follow- 
ing serial read 
— DT low-to-high transition transfers 1024 bits of data 
on the word line to the data register, and the start 
location to serial read control 
~ Serial port can either operate during real time data 
transfer or be in a standby state 
L] SC performs fast serial read operation of 256 x 4 
organization 
- SOE presents serial data on SO, - SO, 
— SOE allows direct connection of multiple serial outputs 
for extension of data length 
L] Speed and power performance 

















»pPD41264-12 .PD41264-15 
RAM Port 
trac 120ns max 150ns max 
Access Time __tcac 60ns max 75ns max 
toga 30ns max 40ns max 
Cycle Time tre 220ns_ min 270ns_ min 
Serial Port 
Access Time 40ns max 60ns max 
Cycle Time 40ns min 60ns_ min 
Dissipation Power 
Both Ports Operating 853mW max 715mW max 
Both Ports Standby 66mW max 66mW max 





[ Allinputs, outputs, and clocks fully TTL-compatible 

L] 3-state outputs for both random and serial access 

OO Double poly tayer, N-channel, silicon gate technol- 
ogy 

LC) 24-pin plastic DIP with 400 mil width 
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Pin Configuration Pin identification 
Pin 
1 No. Symbol vo Description 
2 1 sc Input Serial Control 
3 a $0 ,-S03 Output Serial Read Outputs 
: 4 DT/OE Input Data Transter/Output Enable 
6 6,6, Wo-Ws Input ns Write Select in Write-per-Bit 
3 18, 20 1Oo-10, Input/Output Data Inputs and Outputs 
‘ 7 WB/WE Input Write-per-Bit/ Write Enable 
p 8. RAS Input : Row Address Strobe 
tec Ae Ar Input Address Inputs 

12 Veco +5V Power Supply 

18 CAS Input Column Address Strobe 

21 SOE Input Serial Output Enable 

24 GND Ground 





Block Diagram 


Column 
Decoder 


Memory Array 
256 x 1024 


1020 


1022 
1021 1023 


Data Transter Gate \ ' (1024) | 


Data Register ‘ (1024) | 


Serial +e 
Sine FY de Jott 


= cess fire 





Note: T.G. = Timing Generator 
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Device Operation 

Overall description 

As already shown the ».PD41264 consists of the RAM 
port and the serial read port. The RAM port performs 
both standard dynamic RAM operation modes and the 
data transfer operation. All these operations are based 
on the conventional RAS/CAS timing cycle. In the data 
transfer cycle the data in each memory cell on the se- 
lected word line is transferred to the corresponding 
data register through a data transfer gate at the same 
time. The serial read port shows the data of the data 
register in serial order. The RAM port and the serial 
read port can operate asynchronously, except during 
the data transfer period because the data transfer gate 
is turned on. 


Addressing 

The 262,144-bit memory array is arranged in a 256-row 

by 1024-column matrix. Each of 4 data bits in the RAM 
port corresponds to 65,536 memory cells. Therefore, 16 
address bits are required to decode 1 memory cell location. 
Eight row address bits are set up on pins A, through A; and 
latched onto the chip by RAS. Then the 8 column address 
bits are set up on pins A, through A; and latched onto the 
chip by CAS. All addresses must be stable on or before the 
falling edges of RAS and CAS. RAS is similar to a chip 
enable. When RAS is activated, 1024 cells on the selected 
word line are sensed simultaneously. The sense amplifier 
automatically restores the data. CAS is used as a chip 
select activating the column decoder and the input and 
output buffers. Through 1 of 256 column decoders, 4 
memory cells on the word line are connected to 4 data 
buses, respectively. 

In the data transfer cycle 8 row address bits are used to 
select 1 of the 256 possible rows involved in the transfer 

of data to the data registers. Eight column address bits 

are assigned to select the 1 out of 256 serial decoders 
that corresponds to the start location of the following 

serial read cycle. 

In the serial read port, when SC is activated, 4 data bits 
in the 1024 data registers are transferred to 4 serial 

data buses, respectively, and read out. By activating 

SC repeatedly, the serial read operation starting from 
the location specified in the data transfer cycle is per- 
formed within the 1024 bits in the data register. 


RAM port operation 
An operation in the RAM port begins with a negative transi- 
tion of RAS. RAS and CAS have minimum pulse widths as 
specified in the timing table. These minimum pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle once begun must be within specifications. 
The following functions are multiplexed pins in the RAM 
port to reduce the number of pins. 

1. DT/OE_ 

2. WB/WE 

3. W,/IO; (i = 0, 1, 2, 3) 
OE, WE and 1O; are all based on the same functional con- 
cepts as in conventional RAMs. DT, WB and W, are all 
inputs to be applied with set-up and hold times referenced 
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RAM port operation (cont) 

to the RAS negative transition in the same way as row ad- 
dress inputs. The DT level determines whether a cycle is 

a RAM operation or a data transfer operation. WB affects 
only write cycles and determines whether or not the write- 
per-bit capability is used. W, specifies data bits to be writ- 
ten in the write cycles with the write- -per-bit capability. In the 
following explanation these multiplexed pins are described 
as, for example, DT(/OE), depending on the function then 
being used. 


To _use the 1PD41264 in the random access mode, DT 
(/OE) must be high as RAS falls. Holding DT (/OE) high 
disconnects the 1024-bit data register from the corres- 
ponding 1024 digit lines of the memory array. On the __ 
other hand, to perform the data transfer cycle, DT (/OE) 
must be low as RAS falls. The 1024 data transfer gates 
are opened and a data transfer will occur from one of 
the memory rows to the data register. 


Read Cycle. A read cycle is performed by activating a 
RAS, CAS, and OE and maintaining (WB/) WE high 
during the CAS active time. The data pin (Wi/) 10; (i =0, 
1, 2, 3) remains in a high-impedance state until valid 
data appears at the output at access time. Device ac- 
cess time, tacc, is the longest of the following three 
calculated intervals: 


1. tacc = trac 

2. tacc = RAS to CAS delay (tacp) + toac 

3. tacc = RAS to OE delay + toca 
Access time from RAS, tac, access time from CAS, toac, 
and access time from OE, toga, are device parameters. 
RAS toCAS delay and RAS to OE delay are system- 
dependent timing parameters. 
The output becomes valid after the access time has 
elapsed and remains valid while both CAS and OE are low. 
CAS or OE going high returns it to a high-impedance state. 


Write Cycle. A write cycle is performed by bringing 
(WB/)WE lov low during the RAS/CAS operation. The falling 
edge of CAS or (WB/)WE strobes data on (W,/)IO; into the 
on-chip data latch. To make use of the write-per-bit capabi- 
lity WB(/WE) must be low as RAS falls. In this case data 
bits to which the write operation is applied can be speci- 
fied by keeping W,(/lO,) high with set-up and hold times 
referenced to the RAS negative transition. 

For those data bits of W,(/IO,) that are kept low as RAS falls, 
the write operation is inhibited on the chip. If WB(/WE) is 
high as RAS falls, the write-per-bit capability does not work 
and the write operation is performed for all four data bits. 


Early Write Cycle. An early write cycle is performed 
by bringing (WB/)WE low before CAS. The data is 
strobed in by CAS with set-up and hold times 
referenced to this signal. The output remains in the 
high-impedance state for the entire cycle. (DT/)OE 
must meet DT high set-up and hold times as RAS 
falls but otherwise does not affect any circuit 
operation during the CAS active period. 


3-35 





»uPD41264 


Read-Write/Read-Modify-Write [RW/RMW] Cycle. An 
RW/RMW cycle is performed by bringing (WB/)WE low 
with RAS and CAS low. (W,/)IO; shows read data at access 
time. After that, with preparation for the coming write opera- 
tion, eo is returned to the high-impedance state by 
(BT) JE going high. The data to be written is strobed in by 
(WB/)WE with set-up and hold times referenced to this 
signal. 


Late Write Cycle. This cycle shows the timing 
flexibility of (DT/)OE which can be activated just after 
(WB/)WE falls, even when (WB/)WE is brought low 
after CAS. 


Refresh Cycle. A cycle at each of the 256 row addresses 
(Ap through Az) will refresh all storage cells. Any operation 
cycle performed in the RAM port (i.e., read, write, refresh, 
or data transfer) refreshes the 1024 bits selected by the 
RAS addresses or an on-chip refresh address counter. 


RAS-only Refresh. A cycle with RAS-only active refreshes 
the memory. CAS is maintained high during the RAS active 
period to keep (W,/)IO; in the high-impedance state. This is 
the recommended refresh mode, especially when the mem- 
ory system consists of multiple rows of memory devices. 
The data outputs may be OR-tied with no bus contention 
when RAS-only refresh cycles are performed. 


CAS before RAS Refresh. The .PD41264 has an internal 
refresh function. When CAS is low as RAS falls, the on-chip 
control circuitry works so that the refresh operation is per- 
formed for row addresses specified by the refresh address 
counter. In this cycle the circuit operation based on CAS 

is maintained in a reset state. When the internal refresh 
operation is completed, an increment in the refresh address 
counter is automatically performed with preparation for the 
next CAS before RAS cycle. 


Hidden Refresh. A hidden refresh accomplishes a 
refresh cycle following a read cycle without disturbing 
the read data output. Once valid, the data output is _ 
controlled by CAS and OE. After the read cycle, CAS 
is held low while RAS goes high for precharge. A 
RAS-only cycle is then performed and the data output 
remains valid. The refresh operation itself is just the 
same as the CAS before RAS refresh. Therefore, the 
internal refresh operation is repeated with the valid 
data output. 


Page Mode Cycle. Page mode operation allows effectively 
faster memory access by keeping the same row address 
and strobing successive column addresses onto the chip. __ 
This is done by maintaining RAS low while successive CAS 
cycles are performed. Page mode operation allows a faster 
data transfer rate as RAS addresses are maintained inter- 
nally and do not have to be reapplied. During this operation, 
read, write and RW/RMW cycles are possible. Note that 

the write-per-bit control specified in the entry write cycle 

is maintained through the following page write cycle. 
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Data Transfer Cycle. A data transfer cycle is performed 
by bringing DT (/OE) low as RAS falls. As described 
previously, 1 of the 256 rows involved in the data trans- 
fer and the start location of the following serial read 
cycle in the serial read port are specified by address 
inputs. DT (/OE) must be low for a specified time from 
RAS and CAS so that the data transfer condition may 
be satisfied. The DT low-to-high transition causes two 
transfer operations through the data transfer gates: 
column address buffer outputs to serial address 
counters and memory cell data amplified on digit lines 
to the data register. RAS and CAS must be low during 
these data transfer operations to keep the transferred 
data in the RAM port. 


Serial read port operation 

The serial read port operation is used only to read out 
serially the data in the data registers starting froma 
specified location. The entire operation therefore 
follows the data transfer cycle. Data stored in the 
serial register will remain valid for a minimum of 4ms 
after the data transfer cycle. The only condition 
under which the serial read port must synchronize 
with the RAM port is when the DT(/OE) positive transi- 
tion must occur within a specified period in an SC 
cycle. Except for this SC cycle, the serial read port 
can operate asynchronously with the RAM port. The 
data output will appear at SO; after an access time of 
tsca from SC high only when SOE is maintained low. 
The SC cycle which includes the DT(/OE) positive 
transition shows old data in the data register; the 
following SC cycles show new data transferred to the 
data register serially and in a looped manner. The 
serial data outpui is maintained until the next SC is 
activated. SOE controls the impedance of the serial 
output allowing multiplexing of more than one bank 
of uPD41264 memories into the same external cir- 
cuitry. When SOE is at a low-logic level, SO; will be 
enabled and the proper data read out. When SOE is at 
a high-logic level, SO; will be disabled and be in the 
high-impedance state. 


Absolute Maximum Ratings* 
Supply Voitage on Any Pin Except Vcc 
Relative to GND, Vr; 

Supply Voltage on Vcc Relative to GND, Vpo 

Operating Temperature, Topr o°c to + 70°C 
Storage Temperature, Tstg — 55°C to + 125°C 
Short-circuit Output Current, los 50mA 
Power Dissipation, Pp 1.5W 


*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


-1.0V to +7.0V 
-1.0V to +7.0V 
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DC Characteristics Capacitance 
Ta = O°C to + 70°C Ta = O°C to + 70°C; Vec = 5.0V + 10%; GND = OV; 
Recommended Operating Conditions f= 1MHz 
Limits Test Limits Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance, Address 
Supply Voltage Veo 45 50 5.5 v Inputs (Ay to Ay) ‘ Cray 5 pF 
Supply Voltage GND 0 v Input Capacitance, Data é : 2 
High-level Input Voltage = Vi4 2.4 5.5 Vv Transter/Output Enable DT/OE) P' 
Low-level Input Voltage Vi -1.0 0.8 v Input/Output Capacitance, Cc 7 F 
Write Select/RAM Data IO 1O(W/I0) P 
= 0° om. = . = Input Capacitance, 
Ta 0°C to +70 Cc; Vec 5.0V + 10%; GND = OV Write-per-Bit/Write Enable Ciweswe) 8 pF 
Input/Output Electrical Characteristics Input Capacitance, ‘ A : 
Limits Row Address Strobe RAS) p 
renee th Test 
Input Capacitance, 
Parameter Symbo! Min Typ Max Unit Conditions Column Address Strobe Cycas) 8 pF 
Vin = OV to 5.5V; 
input Leakage IN ’ Input Capacitance, 
I ~10 10 yA all other pins not Cysoe) 6 pF 
Current under test < OV ae Ape ame 
utput Capacitance, 
Output Leakage Dour (10), SO)) Is Serial Read Output Cojso) 7 pF 
Currant lo. -10 10 pA — disabled; Voyr 
= OV to 5.5V input Capacitance, Cc 8 pF 
RAM Port High-level Sorel cone ~ 
9 Voxir) 2.4 Voc Vlog) = —2mA 





Output Voltage 


RAM Port Low-level ort 
Output Volinge Vou) 0 0.4 Vi lou) = 4.2mA AC Input/Output Timing Waveforms 


Serlal Read Port High- 











level Output Voltage Vos) 2.4 Vec v lon(s).= —2mA 
Serlal Read Port Low- input Timing 
jevel Output Voltage YOU) 0 0.4 Vi lous) = 4.2mA 





Operation modes which define power supply currents for 
each port are described in the following table. 


























Power Supply Current 
Ta = O°C to + 70°C; Voc = 5.0V + 10%; GND = OV 
Port Symbol Operating Conditions 
RAM AW Read or write cycle, RAS, CAS cycling, 
tac = tac(min) 
RAM STB Standby, RAS = Vi, Doyy = high impedance 
RAS-only refresh, RAS cycling, CAS = Vi, 
eas ne tho = tae (min) 
RAM PAGE Page mode operation, RAS = V, CAS cycling, 
tee = tee (min) 
RAM CBR CAS before RAS refresh, CAS tow as RAS falls, 
tac = tre (min) ‘ : 
RAM Data transfer cycle, DT low as RAS falls, Figure 1. Output Loading, RAM Port 
DTR a 
tac = tac (min) 
Serial Read STB Standby, SC = SOE = Vy, 
Serlal Read ACT Serial read cycle, SOE = V,_, SC cycling, 


tsec = tscc (min) 





Ta = O°C to + 70°C; Voc = 5.0V + 10%; GND = OV 


















































Limits 
Port uPD41264-12 .PD41264-15 Test 
RAM Serial Read Symbol Min Typ Max Min Typ Max Unit Conditions 
RW STB lec: 95 85 mA ® 
STB STB loca 12 12> mA 0) 
ROR STB toca 75 65 mA 0) 
PAGE STB loca 65 55 mA @ Figure 2. Output Loading, Serial Read Port 
CBR STB loos 75 65 mA ® 
DTR STB lece ~ 120 100 mA @ 
RW ACT lez 155 130 mA ®O 
STB ACT loca 60 45 mA ®O 
ROR ACT locg 135 110 mA ® 
PAGE ACT lecio 125 100 mA ® 
CBR ACT leet 135 110 mA ® 
DTR ACT leere 180 145° mA ® 
Note: © No load on 10; and SOj. Except for Icco, real values depend on output loading and 
cycle rates. 
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AC Characteristics © © 
Ta = O°Cto +70°C; Voc = 5.0V + 10%; GND = OV 
Switching Characteristics © 
































Limits 
41264-12 41264-15 Test 
No. ® Parameter Symbol Min Max Min Max Unit Conditions 
4 Access Time trom RAS trac 120 150 ns ® 
5 Access Time trom CAS teac 60 75 ons © 
36 AccessTimetromOE toga 30 40 ns 
Serial Output Access 
57 Time trom SC tsca ae 60. “ns 
Serial Output Access 
55 Time trom SOE tsoa 35 50 ons 
Output Disable Time ‘ 
8 trom CAS High tore :. 8 0 A ® 
Output Disable Time 
39 trom DE Hi ne toez 0 30 0 40 ns ® 
Seriat Output Disable 
50 Time from High "soz 0 300 40 ns ® 
Notes: @ See AC input/output timing waveforms. 


See Figures 1 and 2. 


ISIS 


cycles before proper device operation is achieved. 


Ge 


An initial pause of 100us js required after power-up followed by any 8 RAS 


No. equals a number attached to each parameter in the timing waveforms. 
Assumes that trop < tac (Max). If taco is greater than the maximum recom- 


mended value given in the table, taac will increase by the amount that taco 
exceeds the values shown. 


No 


Assumes that taco 2 tac (max). 
An output disable time defines the time at which the output achieves the 


open-circuit condition and is not referenced to output voltage levels. 


@ 


transfer cycie. 


AC Characteristics (Cont.) © 


Ta = O°Cto + 70°C; Voc = 5.0V + 10%; GND = OV 


Timing Requirements © 





Data in the serial output register remains vatid for 4ms (min) after a data 







































































Limits 
41264-12 41264-15 Test 
No. @ Parameter Symbol Min Max Min Max Unit Conditions 
Random Read or 
1 write Cycle Time tre 220 270 ns 
Read-Write/Read- 
2 Modity-Write Cycle ‘awe 300 355 ns 
3 Page Mode Cycle Time tpc 120 145 ns 
Transition Time (rise 
7 and fall) tr 3 50 3 50 ns 
8 RAS Precharge Time tap 90 100 ns 
9 RAS Pulse Width tras 120 10000 150 10000 ns 
10 RAS Hold Time tasu 60 75 ns 7 
CAS Precharge Time 
ut (non-page mode) tcpn - 30 ee 
CAS Precharge Time 
12 “ipage mode ont) top 50 60 ns 
13 CAS Pulse Width toas 60 10000 75 10000 ns 
14 CAS Hold Time tosi 120 150 ns 
15 RAStOCAS Delay 2 60 30 75 ns ® 
Time 
CAS High to RAS Low 
16 Precharge Time tcrp 10 10 ne 
Row Address 
Af Set-up Time tasr 9 0 ne 
Row Address 
18 Hold Time tran 15 20 ns 
Column Address 
19 Set-up Time tasc A ‘: sa 
Column Address 
20 Wold Time toan 20 25 ns 
Column Address Hold 
21 Time after RAS Low tan a age ns 
Read Command 
os Set-up Time tres 0 i ne 
23 Read Command Hold tag 20 20 s © 


Time after RAS High 





AC Characteristics (Cont.) © 
Ta = O°C to + 70°C; Voc = 5.0V + 10%; GND = OV 
Timing Requirements © 























































































































Limits 
41264-12 41264-15 Test 
No. © Parameter Symbo! Min Max Min Max Unit Conditions 
Read Command Hold 
24 time after CAS High tron 0 0 ne ® 
Write Command 
25 set-u p Time twes 0 0 ns @ 
Write Command 
26 Hold Time twou 35 45 ns 
Write Command Hold 
27 Time atter RAS Low —‘‘WCR 95 ¥20 ne 
Write Command 
28 pulse Width ‘we 35 oi ne 
Write Command to 
2 RAS Lead Time tawe 40 Bs ns 
Write Command to 
30 CAS Lead Time tow. 40 45 ne 
31 DatainSet-up Time tps 0 0 ns 
: 32 Data in Hold Time ton 35 45 ns 
Data in Hold Time 
33 after RAS Low tour 95 120 ns 
34 CAS to WE Delay tewo 100 120 ns ® 
35 RAS to WE Delay tawo 160 195 ns ® 
GE High to Data in 
37 Gaae Delay toep 35 40 ns 
OE High Hold Time 
38 after Low toen 30 40 ns 
SAS before RAS 
40 Refresh Set-up Time tesr 10 10 ne 
CAS before RAS 
41 Refresh Hold Time _—cHR a ais - 
RAS High to CAS Low 
a Precharge Time tapc : 2 ns 
43 Refresh Time interval tre 4 4 ms 
44 BT Low Set-up Time tors 0 0 ns 
DT Low Hold Time 
45 ater RAS Low tron 100 130 ae 
DT Low Hold Time 
46 ater CAS Low tcon ac 55 ne 
SC High to DT 
47 High Belay ‘sop bag 2 ns 
SC Low Hold Time 
48 otter OT High tspn hag 20 ne 
49 OE Pulse Width toe 35 4 ss 
Serial Clock 
51 Cycle Time tsec 40 50000 60 50000 ns 
52 SC Pulse Width tscn 10 20 ns 
53 SC Precharge Time tson 10 20 ns 
SOE Low to Serial 
of Output Set-up Delay tsoo 7 4 ne 
Serial Output Hold 
56 time after SC High tson 10 10 ns 
58 DTHighSet-up Time tons 0 0 ns 
59 DT High Hold Time town 20 25 ns 
DT High to RAS 
60 igh Delay torr 10 10 ns 
‘DT High to CAS 
61 igh in pe tore 10 10 ns 
62 itp oe toes 10 10 ns 
Write-per-Bit 
64 Set-up Time twas 9 0 ne. 
Write-per-Bi 
65 Hold Time ; ‘wen abe cad ne 
Write Bit Selection 
66 Set-up Time ‘ws 2 0 eg 
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AC Characteristics (Cont.) ©@ 
Ta = 0°C to + 70°C; Vec = 5.0V + 10%; GND = OV 
Timing Requirements © 

















Limits 
41264-12 41264-15 Test 
No. ® Parameter Symbol Min Max Min Max Unit Conditions 

Write Bit Selection 
87 Hold Time twa 20 2% ns 
68 SOE Pulse Width tsoe 15 20 ns 
69 SOEPrecharge Time _teop 15 20 ns 

DT High Hold Time 
70 atter RAS High torn 20 id ne 





Notes: © See input/output timing waveforms. 
® See Figures 1 and 2. 
@ Vin (min) and Vi, (max) are reference levels for measuring timing of input 
signals. Additionally, transition times are measured between V,, and Vic. 
@ No. equals a number attached to each parameter in the timing waveforms. 
® Operation within the tacp (max) limit ensures that taac (max) can be met. taco 
(max) is specified as a reference point only, if taco is greater than the specified 
trcp (Max) limit, access time is controtled exclusively by tcac. 
Either tagy OF tacn Must be satisfied for a read cycle. 
twos, tewo, and tawo are restrictive operating parameters in read-write and 
read-modify-write cycles only. If twos 2 twes (min), the cycle is an early write 
cycle and the data output will remain open-circuit throughout the entire cycle. 
If tewn 2 tewo (Min) and tawo 2 tawo (min), the cycle is a read-write and the data 
output will contain data read from the selected cell. If neither of the above 
conditions is met, the condition of the data out (at access time and until CAS 
goes back to V,) is indeterminate. 
® These parameters are referenced to CAS leading edge in early write cycles 
and to (WB/) WE leading edge in delayed write or read-modify-write cycles. 
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Timing Waveforms 


Read Cycle 





Note: V,,, (min) and V,, (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between V,,, and Vj. 





Timing Waveforms (cont) 


Early Write Cycle 


tric 





RAS tads 


tee 15 10 
taco tas 


KA co Kit) 


13 
tcas 


N 
14 
tes 














Notes V,,, (min) and V,, (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between Vj, and Vj. 


Late Write Cycle 


RA’ 


Address 


twiss 
WB/WE 


Note: V,,, (min) and V,, (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between V,, and V;,. 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycles 




















WilO, 


Ob tS m4 





31 
tos 


Note: V),, (min).and V,, (max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between V,, and Vj. 


RAS-only Refresh Hidden Refresh 











High-2Z ——-—___—_—_ Read 


Note: Vj, (min) and V\, (max) are reference levels for measuring timing of input signals. ; hoyee da teh 7 : 
Additionally, transition times are measured between V,,, and V,. Note: V),, (min) and V,, (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between V,,, and V\_. 


CAS before RAS Refresh 


Von 
High-Z 
Vor 


Note: V,,, (min) and Vi, (max) are reference levels for measuring timing of input signais. 
Additionally, transition times are measured between V,,, and V\. 
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Timing Waveforms (cont) 


Page Mode Read Cycle 








a9 
loez 


Note: Vj, (min) and V,, (max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between Vj, and V;.. 


Page Mode Write Cycle 

















Note: V,,, (min) and V,, (max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between Vj, and V;,. 





3-41 





»PD41264 








Timing Waveforms (cont) 


Data Transfer Cycle (Port B Standby) Data Transfer Cycle (Port B Active) 





High-Z 


Note: V,,, (min) and Vi, (max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between V,, and V,.. 
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vuPD41221 

SERIAL ACCESS MEMORY 

WITH CUSTOMIZED ARRAY SIZE 


NEC 


NEC Electronics Inc. 





Introduction 


This article introduces a new 320-row x 700-bit-field 
memory device. Originally designed for the television 
market, this device will find its way into many applica- 
tions which require storing data in a raster format. 
NMOS DRAM technology, a 14-pin plastic DIP pack- 
age and a unique row-pointer addressing scheme offer 
a low-cost device for smaller system size. The array 
size can be customized to meet customer applica- 
tions. See figure 1. 


The television business is driven by picture quality, 
which is an important attribute in the consumer decision- 
making process. High-definition television (HDTV) is 
usually direct broadcast transmission of 1125 line 
resolution. Higher picture quality can also be achieved 
by using the current NTSC standard and improving the 
image at the receiver end. It is for this market that the 
uPD41221 has immediate application. Because VCRs, 
CATV, video processing and special effects equipment 


Figure 1. uPD41221C Die Photo 








use similar components, the 4PD41221 finds many 
applications in this family of products. 


In the associated industry of teletext, system price 
keeps terminals out of the average consumer's home. 


This article shows how the frame buffer memory can 
reduce component cost and simplify system design. 
The inevitable success of this product could allow an 
inexpensive terminal (using tv as the monitor) to be 
given to the subscriber for only a monthly service 
charge. 


The personal computer business is maturing and sta- 
blizing and two or three companies are becoming the de 
facto standards. With standardization comes oppor- 
tunities to develop add-on PC products. Playing a 
dominant role in this market are the image grabber and 
video digital signal processing option packages. The 
uPD41221 finds many and varied applications in this 
business segment. Before studying various applica- 
tions, let us look at the device architecture and operation. 
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Device Definition 


NEC has produced a field memory to fit most tv 
specifications (see table 1). This device is manufac- 
tured atlow cost using 256K DRAM NMOS technology. 
Produced on the same lines as the 256K DRAM, the 
storage cells are similar, while peripheral circuits differ 
from those of the standard DRAM. 


The device is line-addressable with the three signals 
INC/DEC/RCR, and therefore allows packaging in a 
14-pin dual in-line package. See figure 2. 


This serial memory operates by sequential readout of 
each bit (column) in a row. Rows correspond to scan 
lines on the tv screen. The correspondence between 
bits in the memory and points on the screen is achieved 
by analog-to-digital conversion of the composite video 
signal which has been sampled at three times the 
frequency of the subcarrier signal. Seven outputs of 
the A/D converter are then stored in the serial memory. 


Figure 2. 41221 Pinout 


Row Counter Increment 
Row Counter Decrement 
Row Counter Reset 
Serial Control 
Syne Acknowledge 
Refresh Control 
83-001552A 


Figure 3. Block Diagram 


Refresh 
Address 
Counter 


- hones 


Counter 


Row Address 
Input Buffer 
Row Decoder 


Timing 
Generator 
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As seen in table 1, the wPD41221 can meet most tv 
standards and, by minor photomask modifications, 
can be customized to any size. 


Table 1. Fleld Memory Specification for TV 
Standards 
Sampling Memory 

TV Standard Rate Size Rate 

NTSC Afso 263 x 910 69 ns 
3ig¢ 263 x 682 93 ns 
2.5fs¢ 263 x 569 112 ns 

PAL Afgc 313 x 1135 56 ns 
3fsc 313 x 851 75 ns 
2.5tg¢ 313 x 709 90 ns 


Internal Device Description 
Organization 


The memory array is similar to a standard DRAM 
containing a balanced bit line, 1/2C dummy cell and 
sense amplifier. A single-transistor transfer gate allows 
the level on the bit-line pairs to flow through and be 
latched in the line buffer (see figures 3 and 4). A four- 
phase dynamic shift register provides the appropriately 
timed column decode to cause a transfer from the line 
buffer to the serial data bus (read operation). The write 
operation is simply a reverse of the read, taking the 
data from the serial I/O and latching it in the line buffer. 


| 700 cols : | 


Memory Cell Array 


"320 rows 


. Transfer Gate 


aa 


Line Buffer 


83-001553B 
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Unique Serial Read and Write Function 


An initial pause of 2 ms is required after power up. After 
this pause it is recommended that 8 cycles of REF, INC, 
DEC, RCR, and RAS be performed. The total number of 
dummy cycles required is 40 cycles. 


8 x (RAS + REF + INC + DEC + RGR) = 40 cycles 


This requirement is invisible to the CRT user since a 
few seconds are required for the CRT to heat up. 


The timing consistent with CRT operation is broken 
down into two time zones: (1) display time and (2) 
horizontal retrace time. See figure 6. Row selection can 
occur at any time but the row-selection pulse must be 
completed 100 ns before the data-transfer cycle. The 
negative transition of RAS starts a chain of internal 
clocks which precharge the bit lines, enable the sense 
amplifiers and turn on the transfer gates allowing the 
data to flow through and be latched in the line buffer 
(figure 4). A minimum of 710 ns is required to complete 
the data transfer operation, which occurs during the 
horizontal retrace time. 


200 ns after RAS goes high, the serial clock can become 
active, beginning the serial-write, serial-read cycle for 
the display time. Refer to figure 5 for the following 
discussion of the line buffer and shift register. Data has 
been latched in the line buffer, which is actually two 
176 column buffers (column 0-351) and two 174 column 
buffers (columns 352-699). Each line buffer pair has a 
shift register which provides the column decode enable, 
transferring data to the serial I/O pair. The I/O pairs are 
connected to four differential input selectors. 1/Og and 
I/O, are tied to a serial bus which is driven from either 
the read selector or write selector. I/Os and I/Og3 are 
tied to a second set of read and write selectors. 


During a read (WE high), one enabled read selector 
receives and amplifies the differential signal and inputs 
it to the data-out buffer. WE going low initiates a write 
operation by enabling the appropriate write and read 
selector driving the serial bus and resetting the decoded 
flip-flop in the line buffer. 


Note: During a write operation the read selector is also active so 
that data also appears at data out, delayed by one serial 
access. The alternating reads and writes within the same 
Operation is an unique feature not found in other DRAMs. 


Data Restore 


After 700 SC serial clock cycles, the output does not 
wrap around but switches unconditionally to a high 
state following the next SC low transition and remains 
high for any number of additional clocks (read cycle). 
For a write cycle the output follows the input. At the 
completion of the serial read or write, an internal clock 
signal, RAS1, has been active from the beginning of the 
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data-transfer cycle throughout the serial read/write 
cycle. Due to leakage, the level of this signal begins to 
decay and may affect stored data. For this reason it is 
recommended that a data-restore cycle be performed 
after each period of serial read/write operation. Of 
course, the data-transfer operation performs a full 
refresh. It is the relatively long time period of maintain- 
ing RAS1 for the full scan line which creates the need 
for the data-restore cycle. 


The data-restore cycle is achieved by bringing WE and 
then RAS low 200 ns after the last SC and REF clock. 
Data restore precharges the bit line and enables the 
sense amplifier, thus restoring all 700 cells for the 
previously selected row. 


Refresh 


The REF operation is executed by an on-chip refresh 
counter which is incremented by each refresh cycle. 
Nine address bits from the counter are multiplexed and 
sent to the row-address buffer and decoder which 
enables the selected row. The row selection process 
also generates internal row clock signals, and the full 
refresh functions occurs. 


Figure 4. Basic Schematics of Sense-Amp. and 
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Figure 5. Basic Schematics of Shift Register 
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Figure 6. ~PD41221 Timing Diagram 


{1] In this table a “0” indicates that the operation is available using the timing 
shown above. 
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In an interlaced or non-interlaced CRT application, all 
320 scan lines are read and restored every 16.6 or 33.3 
milliseconds (one frame time). Obviously, this violates 
the 320 cycle/2 ms requirements. The REF input (pin 
12) provides a method of supplying approximately 90 
refresh pulses per scan line (refresh cycle = 710 ns) 
thus easily providing the 320 cycles within 4 scan lines. 


One refresh scheme is simply to use a convenient clock 
(200 kHz to 1 MHz) from the system time-base genera- 
tor. Gating this clock on and off with the horizontal 
synchronous pulse would ensure a REF refresh during 
the serial read/write time. Pin 12 refresh can be per- 
formed during, and asynchronously with, the serial 
read/write operation. Refresh can also be performed 
during horizontal retrace but not during a data-restore 
cycle or during a data-transfer operation. 


Row Address Selection 


The INC, DEC, and RCR signals modify the row- 
address counter. After incrementing, decrementing, or 
resetting the counter, the multiplexer inputs the 9 bits to 
the row-address buffer and decoder. This row selection 
can be initiated during the horizontal retrace or during 
video time, as shown in figure 6. The previous row 
address remains valid through any further video time 
and a data-restore cycle. The new row-decode and 
sense-amp operation does not begin until the falling 
edge of RAS begins the DT cycle. 


Some Application Examples 


Improved Picture Quality Through Progressive 
Scan Technique 


The NTSC 1/30-of-a-second 525-line picture frame is 
broken down into two 262 1/2-line fields displayed in 
1/60 of a second. This approach uses the current 
transmitted bandwidth but requires twice the scan rate 
in the television system. Today large tvs have spacing 
between lines and the visible line structure degrades 
picture resolution. The introduction of digital frame 
stores now makes possible the sequential or progressive 
scan technique. 


With this technique the first or odd field is stored in the 
uPD41221. After scan conversion to double the line 
rate, each line of the even field is displayed. The stored 
odd field is read out of serial memory at double the 
normal line rate and is time-sequenced after each even 
line (see figure 7). All 525 lines are scanned in se- 
quence rather than interlaced. Line flicker is thus 
eliminated and there is a perceived increase in vertical 
resolution. 
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Sequential Scan Television 


The system in figure 8 is representative of how the 
sequential scan technique might be implemented for 
the 25-inch home tv market. A dynamic comb filter 
separates the luminescence (Y) from the color or 
chroma signal (1 & Q). An A/D conversion is performed 
on each component at three times the bandwidth of 
each sampled signal. A field separator discriminates 
the odd and even fields. The odd lines are stored in two 
banks of seven 4PD41221 chips. The even lines can be 
displayed in rea! time, delayed by one horizontal time 
and scanned at twice the normal rate. 


As mentioned before, all 525 lines are dispiayed in 
16.67 ms, which results in 32 us per line. Displaying 700 
samples in 32 us requires an access time of 45 ns per 
sample necessitating two banks of memory and a 
memory interlacing scheme shown in figure 7. The 
chroma | and Q signals can be multiplexed and only 
one bank of serial memory is required. 


Image Freeze and Transmission 


The personal computer in the automated office envi- 
ronment has many purposes, not the least of which is 


‘intercompany communications. Electronic. mail .is a 
' great asset to the. office but the ability to transmit 


images as well as text will open exciting new markets. 
Providing a means for people to view the same object 
even though they are thousands of miles apart will have 
a major impact on productivity while reducing costly 
travel. 


Figure 7. Sequential Scan Technique 
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The diagram in figure 9 shows a freeze-frame trans- 
mission option for the IBM Personal Computer. Two of 
the five !/O system bus card slots are utilized. Since the 
image data is transmitted over telephone lines, a 
modem and the synchronous data line adapter are 
required. The frame grabber would occupy a second 
card siot and would contain the wPD41221 devices, 
A/D and D/A converters, and the required memory 
timing and control circuits. The number of serial 
memories used is dependent on such factors as screen 
resolution, number of colors, text overlay, etc. A high- 
speed line buffer is used to store one scan line of 
information. 


NEC 


While the tv camera analog signal is sampled and 
stored in the frame buffer it is simultaneously displayed 
on the monitor. (Displaying the frame as it is written in 
memory is possible because data-in appears at data 
out during a write cycle.) A scan line of data is 
transferred to the line buffer where it awaits a DMA 
transfer cycle. Now in system memory the data can be 
compressed prior to being transmitted over the tele- 
phone lines. Once received the compressed signal is 
decompressed and displayed on the monitor. 


Figure 8. T7.¥. Employing Sequential Scan Technique with NEC’s uPD41221 
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Figure 9. 


Image Freeze and Transmission System 
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uUPD41221 vs Standard DRAMs for TV 
Applications 


For tv applications the DRAM is an awkward fit. 
Achieving the higher access rates requires using three 
RAMs in parallel combined with a high-speed shift 
register. The serial-parallel and parallel-serial con- 
version coupled with the complex logic and control 
circuits makes this technique a poor alternative. Inter- 
leaving page-mode cycles or use of static-column 
devices also adds circuit complexity and increases 
system cost. The use of DRAMs is also likely to require 
the addition of a CRT controller and/or DRAM control- 
ler. 


Memory-timing circuitry for the system shown in figure 
9 is relatively simple compared to that required using 
DRAMs. The logic diagram in figure 10 is an example of 
how the memory timing might be designed for the 
frame grabber section of the image freeze and trans- 
mission system. The momentary on/off switch $1 
(write/read control) in the on position initiates the data 
transfer, serial write and data-restore cycle storing one 
frame of information. When S1 is in the off position the 
frame buffer operates in the read and refresh mode, 
continuing to update the display. 


After the horizontal and vertical sync pulses are stripped 
from the composite video, these signals are used by 
flip-flops U3 and U5 to generate the timing for the 
uPD41221. These signals control the field memory so 
that data restore and data transfer are performed 
during the horizontal retrace period. Serial data is read 
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from or written to the field memory starting in the 
blanking period and continuing through the display 
period. The timing diagram for this system is shown in 
figure 11. 


The counter U4 is used to generate the basic horizontal 
scan timing. The leading edge of the HSYNC releases 
the counter U4. Counter U4 counts the 2 MHz clock 
and decoder U6 generates RAS and WE for the data 
transfer and data restore functions. Outputs of the 
74LS42 (1 through 4) are used for this purpose. INC and 
RCR, which control the row addresses, are generated 
by decoder output 6. Decoder output 7 resets the 
counter, and data reading or writing begins. The SC signal 
is generated from the 3fSC clock. During the read and 
write time, the REF signal (generated by halving the 2 
MHz clock) is available to perform memory-cell refresh. 


With the momentary switch S1 in the normally off 
position, the WE signal is held high to allow the 
complete read out of the field memory. To store one 
field, WE is held low during the serial write time. This 
operation is controlled by counter U5. When switch S1 
is pushed on, the memory is placed in the input mode. 
With all outputs high the counter loads on the next 
edge of the vertical sync setting QA low. QA controls 
the WE signal to set the one field write mode. 


There are no addresses to be generated, no multiplexing, 
no latches and refresh (REF) is provided by the 2 MHz 
output of U1. Using the 41221C, the control circuitry is 
reduced to about ten standard TTL logic ICs. This logic 
could be implemented in a gate array of about 250 
gates. 
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Figure 10. Memory Timing and Control Chart 
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Figure 11. System Timing 
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A Peek at the Future 


The new automated office and consumer applications 
will require the recording and transmissions of printed 
documents and photographic images. This facsimile- 
type transmission will demand low cost systems. Appli- 
cation-specific memories will play a major role in 
reducing the cost of these systems. 
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The cost advantages of NUOS DRAM mass production 
technology can now be applied to consumer products. 
In defining new devices, NEC is evaluating all operating 
parameters: speed, power, configuration and special 
on-chip circuits to best fit these new and emerging 
products. For example, field memory devices with 
capacities of 1 megabits could be used with high- 
performance systems requiring four times the sampling 
rate. 
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Introduction 


This application note describes the function of NEC’s 
uUPD41264 dual-ported memory and illustrates a gra- 
phics system that uses the wPD7220A Graphics Dis- 
play Controller (GDC) and the wPD41264, operating in 
flash drawing mode. The first part describes the 
memory and the second part describes the system, 
with information on interfacing the video memory to 
the GDC and generating system timing. 


uPD41264 Video RAM 


Two real ports in a single piece of silicon is an exciting 
alternative to the use of standard memories and large 
quantities of TTL interface logic. NEC introduced the 
uUPD41264 video memory at the 1985 International 
Solid State Circuit Conference (ISSCC). It combines a 
standard 64K x 4 DRAM with a high-speed 256 x 4 serial 
port. in this application, the serial port is referred to as 
port B and the random access port is referred to as 
port A. 


The uPD41264 uses a doubie-poly-layer N-channel 
silicon gate process to provide high density, high 
performance, and high reliability. The 24-pin 400 mil 
DIP package is made possible by multiplexing two 
functions on a single terminal (DT/OE). 


Data Transfer Operation 


The data transfer (DT) operation (figure 1) is initiated 
when DT/OE is low before RAS goes low. The operation 
begins as in a standard DRAM; RAS strobes row- 
address information into the row-address buffer and 
the information is sent to the row decoder to select a 
word line. Cell data is then transferred to the bit line 
and amplified. The transfer from the memory cell to the 
data register occurs on the positive edge of DT/OE. 
1024 bits of data are sent through the enabled data 
transfer gates and into the data registers. The data 
registers then contain the new data, which is 
immediately ready for the serial port. The DRAM (port 
A) remains in tri-state during this data transfer cycle. 


In non-DT cycles, DT/OE is held high, disconnecting 
the data registers from the memory array. The data 
transfer gates are disabled or turned off, allowing both 
ports to operate asynchronously. During this time, the 
CPU can access port A while port B updates the 
display. tn this mode, port A operates as a standard 
RAM device, making an OE-controlled write possible. 


APPLICATION NOTE 33 
uPD41264 VRAM 

AND .PD7220A SYSTEM 
IMPLEMENTATION 


Port B Operation 


While the DT cycle proceeds, the SC clock provides 
video clock rate timing to a serial selector which shifts 
data out each pin (SOg to SOz3). This activity is 
independent of the RAM port except during a data- 
transfer cycle. 


This is the only time interval wnen the RAM port and 
serial port do not work independently. The serial port 
reads out data serially from the registers starting ata 
specified location. Data appears at SO; after an access 
time of tsca, referenced from the high transition of SC. 
With the speed of the SC clock, the data-valid time is 
short, making it difficult to latch the data into an 
external shift register. To solve this problem, the 
uPD41264 holds or latches the data until the next SC 
cycle. 


The SOE signal must be low during a serial-shift cycle. 
When this pin is high, port B is in a high-impedance 
state. The SOE pin allows you to combine multiple 
chips in parallel. 


Once the DT cycle occurs, 1024 bits of data are 
transferred from the cell array to the data register, 
which is now ready to send new data to the serial port. 
inthis cycle, eight bits of column address are latched in 
the address buffer and sent to an 8-bit counter. This 
counter specifies the starting location of the serial 
selector in the data register. After setting this pointer, 
the 8-bit counter increments once for each SC clock 
cycle and wraps around like aring counter after 256 SC 
clock cycles. This technique allows you to exchange 
new data for old “on the fly” in real time without 
interruption. 


This real time operation requires that DT and SC be 
synchronized to ensure a continuous stream of valid 
data. The rising edge of DT/OE must maintain a tspp 
(setup time) and tgpx (hold time) with respect to the SC 
clock. This data register update timing is significant 
because it removes the restriction of waiting for the 
horizontal-blanking time before passing new pixel 
updates to the shift register. 


Write-Per-Bit Operation 


Graphics applications often require changing only 
selected pixels while surrounding pixels remain un- 
changed. In a single-memory plane, when you change 
pixel data for vector generation, the only bits that 
change are the vector bits. Multiple-plane write-per-bit 
applications include changing text over a constant 
image or, ina CAD system, changing only one layer of 
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Figure 1. 
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a VLSI chip. Standard DRAMs require two cycles ora 
read/modify/write cycle for this process. First, all four 
bits are read out; then the CPU modifies the data and 
rewrites it. 


The wPD41264 can selectively access any one or 
combination of four bits. Latch the write-per-bit (WB) 
mode by bringing WB/WE low before RAS goes low 
(figure 2). The bit selection or mask information is 
multiplexed on the common 1/O terminal Wo/IOo- 
W3/IO3. If the bit selection data is a logical 1, the 
common I/O terminal is enabled and new write data 
updates the frame buffer. A logical 0 inhibits the write 
and leaves the pixel unchanged. 


If you perform a read/modify/write cycle, old mask 
data remains latched as long as RAS is held low. Ina 
non-WB mode, this pin acts as a standard write enable, 
simultaneously writing all four bits. 


Discussions with video systems houses reveal that 
competitive pressures are driving performance im- 
provement. The independent clocking of the DRAM 
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and serial port allows random access to occur simul- 
taneously with shifting out video data. Asynchronous 
operation provides the CPU with almost 100% access 
to the frame buffer. Video RAMs allow the system 
designer to use his creativity to make the best use of 
the DRAM update time. 


Figure 2. Write-Per-Bit Function Timing 
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The uPD7220A/”PD41264 
Graphics System 


Figure 3 shows a block diagram of a wPD7220A-based 
graphics system. The display memory is made up of 
four uPD41264s to form a 16-bit-wide memory plane. 
The multiplexed input and output lines are directly 
connected to the wPD7220A address/data bus. The 
data bits in the uPD41264 data register are loaded into 
the 8-bit shift register through the four serial output 
lines. The timing-controller logic generates the signals 
required to synchronize all the blocks within this 
system. 


Use of the vPD7220A 


The uPD7220A interacts with the display memory in 
display cycles and drawing cycles. (Refer to the Data 
Sheet and the Design Manual for the wPD7220A for 
detailed discussion on the use of these features and 
others mentioned later in this application note.) Display 
cycles are made up of two 2xWCLK cycles (2xWCLK is 
the input clock to the yPD7220A). A display address is 
output during the first cycle and the data is available at 
the end of the second cycle. Drawing cycles are made 


Figure 3. System Block Diagram 
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up of four 2xWCLK cycles. A drawing address is output 
during the first cycle and the wPD7220A reads the data 
from the display memory in the third cycle. It modifies 
and outputs the data at the end of the fourth cycle. 


Drawing and display cycles are output in flashless and 
flash modes. In flashless mode, the drawing cycles are 
generated only during the horizontal and vertical 
blanking periods, and display cycles are performed 
during the active video time. This means that there are 
no display disturbances, but the update time is brief 
(15 - 20% of the total video time). 


Flash mode allows drawing cycles to be generated at 
all times. Display cycles are output only when no 
drawing operation is in progress, or when the drawing 
hold (DH) pin of the wPD7220A is held high for four 
2xWCLK cycles. This mode increases the update rate 
by four or five times, but makes display interruptions 
more likely. 


The drawing hold function allows the uwPD7220A to 
interface to the uwPD41264 VRAMs. The wPD7220A can 
then operate in flash mode. 
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System Interface to the VRAMs 


As shown in figure 3, the 8-bit shift register input data 
lines are connected to the serial data outputs of the 
four uPD41264s. The serial output enable signals 
(SOE1 and SOE2) input to the uPD41264s become 
active one at atime. This loads the shift register twice in 
one SC cycle. The SO7-SOp data bits are loaded into 
the shift register after the rising edge of the SC clock. 
The shift register is emptied before the first half of the 
cycle ends. Then, the SO;5-SOg data bits are loaded at 
the middle of the cycle after the falling edge of SC 
occurs. This method of memory bank switching elimi- 
nates the need for an extra 8-bit shift register. Because 16 
bits overall are shifted out during an SC cycle, the value 
of the serial clock frequency is one-sixteenth of the 
pixel clock (SC = 1/16 x PCLKk). 


Figure 4. Timing for Memory Cycles 








NEC 


The serial output enable (SOE) input signal enables 
the serial output buffers of the wPD41264. There is a 
delay between the time that SOE goes active and when 
the serial data bits become valid. The signal transitions 
of SOE1 and SOE2 should not coincide with the SC 
clock to prevent data contention while switching 
memory banks. If the SC clock period is too short, this 
time delay may not be tolerated, preventing memory 
bank switching. In this case, you should use an extra 
8-bit shift register. 


The falling edge of the ALE signal latches the 16-bit 
address from the uPD7220A into the tri-state latches. 
The timing diagram in figure 4 shows how the ALE 
signal is delayed to construct the RAS signal. Delaying 
the RAS signal by a few PCLK cycles generates the 
CAS signal. 
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System Operation 


This system uses three memory cycles: RAS-only 
refresh cycle, read/modify/write cycle, and data- 
transfer cycle. The u~PD7220A can perform the dynamic 
memory refresh if this is programmed in its RESET 
command. The lower 8-bit address lines (AD7 - ADg) of 
the wPD7220A are connected to its internal 8-bit 
refresh address counter. This counter is enabled during 
horizontal sync and its output is available on the falling 
edge of the ALE signal. Therefore, CAS and horizontal 
sync should be gated so that the CAS cycle does not 
occur during this period. A refresh cycle is accom- 
plished with the row_address coming from the AD7- 
ADg lines during the RAS cycle. The number of refresh 
cycles depends on the width of the horizontal sync 
(programmable in the uwPD7220A). 


A drawing cycle in the yPD7220A is basically an RMW 
cycle. The external logic uses the DBIN signal to 
control the data bus output direction. This signal is 
used to control the DT/OE inputs of the uPD41264s. 
When low, data is output from the memories so that the 
uPD7220A can read it. The DBIN signal also generates 
the WE (write enable) signal. This is accomplished by 
delaying DBIN by one and one-half 2xWCLK cycles 
and ORing the result with the 2xWCLK signal (see 
figure 5). 








Setting the image bit and GD bit to one increments the 
display address every other display cycie. This mode 
allows you to double the wPD7220 clock rate while 
maintaining the occurrence of display addresses as in 
normal mode, thus doubling the drawing speed. This is 
shown in figure 6. DAD represents the display address. 


A data-transfer cycle is the same as a read cycle except 
that the DT/OE input signals of the .PD41264s must be 
low before RAS occurs. The external logic should 
generate a draw hold (DH) signal to the wPD7220A 


Figure 5. Timing for Drawing Cycles 
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before generating this cycle. The DH signal must be 
high for four 2xWCLK cycles so that the wPD7220A can 
complete the current drawing cycle. After the DH 
signal goes from high to low, the wPD7220A generates 
two consecutive display cycles. The external logic can 
then use these display cycles to perform a data-transfer 
cycle. Figure 4 also shows the timing for this event. 


The rate at which data-transfer cycles occur depends 
on the mapping of the display memory. If the mapping 
is such that the screen width is equal to the actual 
width of the display memory (in vPD7220A terms, this 
is referred to as the pitch parameter), a data-transfer 
cycle is generated every 256 SCLK cycles. Depending 
on the horizontal pixel resolution, the data-transfer 
cycle could take place during a raster-scan period. If 
so, you should perform a real-time data transfer. 


If the screen width is less than the display memory 
width, generate a data transfer cycle during every 
horizontal retrace period to put data for the next 
horizontal line into the data registers of the uwPD41264s. 


Conclusion 


So far, graphics systems based on the wPD7220A and 
regular dynamic memories have not been able to take 
full advantage of the wPD7220A’s drawing speed; 
mainly because most systems use the yPD7220A in 
flashless drawing mode to avoid display disturbances. 
However, the advent of the vPD41264 makes it possible 
to use the flash drawing mode, increasing the drawing 
rate to four or five times the rate of systems using 
regular dynamic memories. 


The key to this increased drawing rate is the dual data 
ports integrated into the wPD41264. The wPD7220A 
can communicate with port A to update the display 
memory at the same time that port B is being used to 
update the video display. 


DISP DISP DRAW 
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Figure 6. Image Mode and Normal Mode 
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Development of a 256K-Bit Dual-Port 
Memory for Frame Buffering with Capability of 
Uninterrupted Serial Output 


by Satoru Kobayashi, NEC Inc., Memory Technology 
Headquarters 


NEC Inc. has developed a 64K x 4-bit dual-port 
dynamic memory chip with a key design emphasis on 
its ease of use in frame buffering for bit-mapped 
displays. The commercial part number is uPD41264. 
While it is accessed randomly, the memory is capable 
of displaying data output in a serial mode at the 
maximum rate of 25 MHz. In addition to this, as basic 
features, it has three new functions. They include the 
function to internally transfer data into the data registers 
designated for serial output while performing the 
output function of the display data. To accomplish the 
intended functions and performance level, the manu- 
facturing technology has been kept the same as the 
existing one, while the circuit designs were modified. 
When this memory is used, updating the displayed data 
becomes several times faster than conventional 
methods 


The advancement in semiconductor technology has 
been significant since the beginning of the 1970s. In 
the field of integrated circuitry, various types of tech- 
nological innovations were made with the goal of 
higher density in integration, lower power dissipation, 
and lower costs. 


Among such innovations, most notable changes occur- 
red inthe MOS dynamic memory. First, with the advent 
of the 1K-bit dynamic memory, the traditional mag- 
netic core was replaced by semiconductor memory. 
Since then its capacity has been increasing by a factor 
of four every 2 to 3 years. At present the 256K-bit 
products are prevalent in the marketplace, and it 
appears as if sometime in 1985 specimens of 1M-bit 
memory might appear. 


Product Diversification Started with 64K-Bit 
Products 


The transition has been characterized by the increase 
in chip memory capacity; about the time the 64K-bit 
products appeared, product diversification started. 
Not only did we see improvements in the basic functions 
aimed at a decrease in access time and a reduction in 
power dissipation, but we also started seeing products 
with functions making them easy to use by increasing 
the tolerances in their critical timings, new refreshing 
methods, etc. At the same time, specialized memories 
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dedicated to specific applications started appearing 
along with the 64K-bit products.?, 11-13 


For instance, in addition to the conventional page 
mode, new high-speed access modes such as the 
nibble mode, static column mode, and ripple mode 
were introduced.3, 4, 9 Then there were peripheral 
CMOS-type dynamic RAMs that combined the CMOS 
technology in peripheral circuits for the specific pur- 
pose of lowering power consumption. Moreover, to 
improve the ease of use, CAS-before-RAS refresh and 
self-refresh were introduced as additional functions 
plus functions to moderate the timing criticality in the 
areas of RAS time-out in static column mode and time- 
out during write. 


Owing to these improvements in functionality and 
performance, the burden on users designing their 
systems was reduced. It should be noted, however, that 
these improvements were made with the anticipation 
of primary use as the main memory of large-scale 
mainframe computers. They were not developed for 
use in small systems, which have seen a dramatic rise 
in popularity in recent years. For this reason, they were 
not the kinds of functions that were necessarily easy to 
use from the viewpoint of small system designers. 


Demands Are Increasing for Display Memories 
To Be Used in Small Systems 


During the latter half of the 1970s, microprocessors 
began to be used in various types of electronic equip- 
ment. At the same time, a demand for memories was 
created for small systems such as personal computers, 
word processors, computer terminals, work stations, 
and CAD/CAM systems. Along with the rise in pop- 
ujarity of microprocessors, the unit price per bit of 
dynamic RAMs came down dramatically. The falling 
prices spurred a drastic increase in the volume of 
dynamic RAMs used in small systems. As a result, the 
ratio of their use is now reversed between small and 
large systems. 


The application of RAMs in small systems can largely 
be divided into main memory and display memory. The 
main difference between small and large systems is 
that in small systems the ratio of RAMs used as display 
memories for storing character and graphic data is 
extremely large. The size of display memories per 
system ranges from several tens of kilobytes to as 
many as several megabytes, whereby the trend shows 
that the size has become equivalent to or larger than 
that of the main memory itself. It is expected that the 
demands for RAMs for display memories will continue 
to grow. There are speculations based on actual usage 
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that within 2 to 3 years as much as 30 to 40 percent of 
dynamic memories will be used for display purposes. 
Amongdisplay memories, frame buffers for bit-mapped 
displays will see a dramatic market expansion. 


As Memory Capacity Increases, Conventional 
Chips Become More Difficult To Use. 


Some aspects of the traditional standard chips render 
them difficult to use as frame buffers. Worse yet, as 
memory capacity increases from 256 kilobits to 1 
megabit, problems stemming from difficulties asso- 
ciated with their use will become much more serious. 


First, inthe area of x1-bit patterns, which have tradition- 
ally made up the main type of RAMs, if the capacity 
increases, there will be situations in which the length of 
aword is too deep. At present, the capability for display 
resolution is generally in the range between 256 x 192 
and 1280 x 1024 pixels. For instance, when a 256K-bit 
memory is used in asmall-scale 256 x 192 pixel display, 
five planes can fit into one chip. It is difficult not to 
waste memory cells; the peripheral circuits tend to get 
large. Although there are specimens of x4-bit and 
x8-bit pattern memories, their main applications are for 
main memories in small systems. When they are used 
for frame buffers, and if the memory capacity require- 
ment per chip is increased by a factor of four, then 
there isa tendency that this setup would spur demands 
for the word length also to be expanded by a factor of 
four. But if this is to be done, the number of pins 
needed would increase and the package size would 
become large, hence diminishing the advantage of a 
large capacity memory. 


The memory cycle time is also a problem. For instance, 
in a display of 1280 x 1024 pixels, the display data are 
sent to the CRT at a speed of about 9.3 nanoseconds 
per pixel.5 This is significantly shorter than the cycle 
time of conventional dynamic RAMs. For the purpose 
of mitigating the speed difference, the user must resort 
to a technique of taking out the data in parallel froma 
number of dynamic RAMs and converting the data into 
a serialized stream. For this, either parallel-to-serial 
conversion registers are used or a technique is used to 
enable the dynamic RAMs in a time-sliced synchroni- 
zation schedule. Either way would result in bloated 
peripheral circuitry while the number of connection 
lines would increase on the printed circuit board. This, 
in turn, would: become a burden during the PC board 
designing phase. As a result, even though it makes a 
large capacity memory possible, actual usein a system 
is difficult. 


The basic function of a frame buffer is to send display 
to the CRT at a designated speed. The performance 
level of a system is determined by the efficiency with 
which the processor can refresh the display data while 
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continuing this basic function. A frame buffer requires 
two access ports.19 But a conventional standard 
dynamic RAM has been characterized as being a 
single-port memory, namely, containing only one set 
each of data input/output terminals and address input 
terminals. While the display data are being output to 
the CRT, this type cannot concurrently allow the 
processor to perform the memory access. Thereis only 
one remedy to this: introduce the time-slicing scheme 
so as to use it as a pseudo-dual-port memory. 


There are primarily two methods of time-sliced access 
toa frame buffer. One is to permit CPU access to it only 
during the blanking phase of the display, while CPU 
access during the data display phase is restricted to 
sending display data to the CRT. This would invariably 
reduce the access efficiency of the processor to 20-30 
percent. Another method is the cycle-steal method 
wherein the timing intervals are so minutely divided as 
to allow the processor access to the memory even 
during the display phase. As compared to the first 
method, the operational efficiency is improved; how- 
ever, it requires complex high-speed peripheral circuits. 


As pointed outin the foregoing, conventional standard 
dynamic RAMs are difficult to use for frame buffers. In 
principle, it is possible to assemble a large capacity 
memory into a frame buffer so long as it can function at 
a high rate of speed. Moreover, it is possible that, as 
replacements to the traditional page memory, tech- 
niques will be developed to use this type of memory in 
such high-speed access modes as the nibble mode, 
static column mode, and ripple mode.®: 9 But for this 
type of memory to be used in such modes, additional 
externally attached circuits are needed between it and 
the microprocessor. If it is a single-port memory, 
building a frame buffer out of it becomes more difficult 
as its memory capacity becomes larger. 


A Dual-Port Memory Solves Frame Buffering 


Of various memories used for displays, we judged that 
the most adequate solution for a memory chip to be 
used for frame buffering was a genuine dual-port 
memory. Hence, we started our development efforts 
accordingly. The results were the dual-port dynamic 
memory (uPD41264), about which we published details 
in February 1985.1, 6, 8 


As illustrated in figure 1, it is equipped with a 64K x 
4-bit random access port, and a 256 x 4-bit serial 
access port. The serial port consists of four 256-bit 
data registers, each allowing serial output at the 
maximum rate of 25 megabits/second. This serial port 
can be used as a dedicated port for sending display 
data to the CRT. When a 4-bit parallel-serial converter 
is externally attached to it, it can send display data to 
the CRT at 100 megabits/ second. 


NEC 


The random access port does not have to get involved 
in display data output to the CRT except for timing the 
internal transfer of 1024-bit data blocks from the 
memory cell arrays. Using this memory chip, there is 
no need to resort to a cycle stealing technique to 
increase the access efficiency of the processor; in fact 
it can obtain nearly 100 percent efficiency. 


In addition to the foregoing, we also devised measures 
to keep the memory cell usage efficiency rate near 100 
percent regardless of what type of pixel configuration 
the display may consist of. The design intent was to 
allow it to accommodate a wide range of uses as a 
frame buffering memory, from low-resolution to high- 
resolution displays. 


Dedicated Memories Deployed As the Market 
Determines 


As for dynamic memories, we have entered a period 
when dedicated memories should be developed fora 
specific application, focusing on the functions and 
performance level it calls for so long as the market size 
is large enough. As we mentioned before, the area in 
which the memory demands will see a dramatic increase 
in the near future is display memories. We have 
classified the display memory field in figure 2. We 
divided the field into computer, television, telecom- 
munications, and hybrid application groups, and 
established a basic goal of developing dedicated mem- 
ories best suited to each application group. We have 
already commercialized a dedicated product 
(uPD41221C)2 for television and telecommunication 
applications. This product was designed as a field 
memory for television and VTR applications by allowing 
Figure 1. Basic Configuration of a Dual-Port 
Dynamic Memory 
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high-speed serial input/output cycles. Since it is spe- 
cialized for applications that do not require direct data, 
manipulation by the processor, no random access 
function was provided. This allowed the chip to be 
packaged as a 14-pin DIP. The dual-port memory chip 
that we are introducing as a product this time is aimed 
at the computer applications group. 


Functions Added for Frame Buffer Applications 


The functional block diagram of the dual-port memory 
that we developed as a product this time is illustrated in 
figure 3. In addition to the 64K x 4-bit dynamic RAMs, 
we added a circuit that creates a serial port. The latter 
can internally transfer in one cycle a line of 1024 data 
bits from the memory cell array to a 256 x 4-bit register. 
Interfacing with the internal data transfer are the data 
transfer gates, which consist of 1024 transistor arrays. 
This setup makes it possible to serially output the data 
stored in the data registers by means of a selector and 
an output buffer. Its maximum output speed is 25 
megabits/second. 


Instead of shift registers, the serial-port registers were 
made of circuits that allow selective output of data from 
the data registers via a selector. Because of this design, 
it was possible to realize the pointer-control function to 
start serial output from any array address immediately 
following an internal data transfer. 


The package is a 24-pin plastic DIP (figure 4). Because 
of the serial-port circuit, the width of the chip grew. For 
this reason, a 10.2-mm (400-mil) wide package was 
required. The terminals that are provided in the package 
but missing from the conventional standard-type RAMs 
are the serial clock (SC) terminal that controls the 


Figure 2. Application Fields of Display Memories 
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serial port, the serial output enable (SOE) terminal, and 
the serial data output terminals (SO 9-SO3), a total of 
six terminals. In addition, a data transfer control clock 
(DT) for internal data transfer to the serial ports, a write 
per bit control signal (WB), which became a necessity 
for the newly created functions, and the mask data 
input signals (Wo-W3) were added as new features. 
However, to keep the increase in pins to a minimum, 
these were piggy-backed onto the conventional signa! 
terminals. 


Table 1 summarizes the primary timing characteristics 
of the wPD41264-12 product. With regard to refresh 
function, it requires 256 refresh cycles in 4 ms, the 
same as conventional dynamic RAMs. Since a refresh 
address counter has been provided internally, it is 
possible to allow the CAS-before-RAS refresh func- 
tion. The input-output signals are handled entirely at 
the TTL level. In addition to the uwPD41264-12, we also 
provided another product (uPD41264-15) with a maxi- 
mum RAS access speed of 150 ns. 


Figure 3. Block Diagram of the Functional Interior 
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Figure 5 shows the source current waveform. When 
two ports are active simultaneously, current is 190 MA 
maximum. When ports are idle, current is 15 mA 
maximum. 


Table 1. yPD41264-12 Timing Characteristics 














RAS access time 120 ns max 
CAS access time 60 ns max | 
OE access time 35 ns max 
RAS cycle time 230 ns max 
Serial access time 40 ns max 
Serial cycle time 40 ns min 
SOE access time 35 ns max 


Refresh 256 cycle/4 ms 


Note: 
(1) The cycle time in page mode is 120 ns minimum. 


(2) In addition to RAS-only refresh, it is also furnished with the 
CAS-before-RAS refresh function. 
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Three Functions Added for Ease of Use 


We added three new functions to make the dual-port 
memory easy to use. One is the write-per-bit function, 
anew write mode for the random port. When this mode 
is used, of the 4-bit cells that can be selected during a 
random access mode by means of the row and column 
address specifications, it is possible to update the 
contents of any given cell in one RAS cycle. Although 
the cell is of a 4-bit pattern, write access is possibleona 
bit basis. In the areas of graphic pattern processing, 
there are times when the processor accesses the frame 
buffer(s) on bit-based units. This is a new function to 
address such demands. 


By addition of two functions we call the pointer control 
function and the real-time data transfer function, we 
made it easy to use the serial port. When the pointer 
control function is used, horizontal scrolling of dots is 
made simpler. When the real-time data transfer function 
is used, it becomes possible to stop the waste of 
memory cells by flexibly adjusting to the display pixel 
patterns. 


Serial Output Continues During Internal Data 
Transfers 


Figure 6 shows timing control during internal data 
transfer. Just like the ordinary random access cycle, 
the internal data transfer cycle also begins with a 
timing of the falling RAS signal. Which cycle the timing 
belongs to is determined by the level of the data 
transfer control clock (DT). Hence, when DT is kept at 
a high level during timing of the falling RAS signal, it 
means an ordinary random access cycle. Conversely, 
when the DT level is low, it means a data transfer cycle. 


In the example of figure 6, arow address M is specified 
during the data transfer cycle. By means of this, the 
contents of row M are newly transferred into a data 


Figure 4. Pin Configuration, 24-Pin Plastic DIP 
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register and then output serially from the serial port. 
The actual operation of how the data in row M is read 
from the serial port is illustrated in figure 6. First, the 
DT signal is restored to a high level during the data 
transfer cycle; then data readout begins with the very 
first start-up timing of the SC clock. 


Similarly, in order to update the contents of the data 
register(s), itis necessary to set up data transfer cycles 
using the random port control signals. During this 
period, only the random port is disabled from perform- 
ing the ordinary random access function. However, as 
shown in figure 6, the functioning of the serial port can 
be continued without interruption. As described above, 
we provided a function to perform the internal data 
transfer while continuing the serial output. This we 
named the real-time data transfer function. 


To accomplish the foregoing objectives, we provided 
only one timing rule between the SC signal, which is 
used by the serial port during data transfer cycles, and 
the data transfer clock, which is the signal from the 
random port side. They are shown in figure 6 as tgpp 
and tspH. To accomplish the real-time data transfer, we 
introduced the restriction that both tspp and tsp}, be 
kept above 10 ns. Asa method of meeting this require- 
ment, we recommend a technique of synchronizing the 
timings between the start-up of DT during the data 
transfer cycle and the falling of SC. Since one phase 
period of SC is a minimum of 40 ns, even when the 
serial port is utilized at its maximum speed, this would 
allow a margin of about 10 ns for the start-up timing of 
DT. 


Owing to this real-time data transfer function, it is 
possible during the display to perform the internal data 
transfers needed to update the data within the data 
register(s). For this reason, it is possible to relate the 
data equal to one horizontal line to a plural number of 
lines within the memory. As a result, regardless of the 
pixel configuration of the display, it became possible to 


Figure 5. Source Current Waveform 
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make the usage efficiency of the memories making up 
the frame buffer(s) very close to 100 percent. It should 
be noted that during a data transfer cycle, the data 
output pin of the random port turns into a high- 
impedance state. 


Although it is true that by virtue of the real-time data 
transfer function, the memory assignment can be ac- 
complished freely regardless of the pixel configuration 
of a given display image, it is necessary to be careful of 
the refresh of the internal data register(s). 


Because the serial port also consists of dynamic 
circuits, it is necessary to repeat the internal data 
transfers within a cycle period of 4 ms. During a vertical 
interlacing period of the display, it is always necessary 
to perform the internal data transfer prior to the 
beginning of display. 


Pointer Control Function 


As shown in figure 3, the serial readout port consists of 
the 256 x 4-bit data registers and the selector that 
serially selects and outputs their contents. Using such 
a design configuration, we made it possible to freely 
select the address of the data register from which to 


Figure 6. 
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start the readout after the completion of internal data 
transfer(s). We call this the pointer control function. 


In the timing example of figure 6, the column address N 
is specified by means of the CAS signal at the time of 
the internal data transfer. Its value determines the 
starting address of the data register. As shown in figure 
6, it is after the DT signal is restored to the higher level 
during the data transfer cycle that the data in row M 
column N is read out by the first SC clock. Using this 
function, itis relatively easy to accomplish the horizon- 
tal dot scrolls. 


Aserial counter governs the pointer control function as 
shown in figure 3. This 8-bit counter counts the SC 
signals, and its output becomes the. address of the 
selector, thereby serially selecting the contents of the 
data registers. By furnishing this counter with a control 
preset function and by assigning a predetermined 
value to it as the column address at the time of internal 
data transfer, we enabled it to perform the aforemen- 
tioned function of determining the starting address of 
the selected data register. Note that the serial address 
counter directly counts the SC signals and that its 
action is not designed to be stopped by means of a 
serial output enable SOE signal. 
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Write-per-Bit Function Timing 


The write-per-bit function is a new random access 
function by which any specific memory cell can be 
rewritten on a bit basis in one RAS cycle, even though 
its design is 4-bit based. 


Figure 7 shows the timing aspects of the write-per-bit 
function. During the falling phase of the RAS signal, if 
the WB/WE signal is high level, itis the ordinary access 
mode, the same as conventional memories. If the 
WB/WE signal level is kept low during the RAS signal 
falling phase, the access mode becomes the write-per- 
bit mode. In write-per-bit mode, to determine which of 
the 4-bit data terminals is to be write-enabled, mask 
data are input to the W;/1O; terminal during the RAS 
signal falling phase. When the level of the mask data is 
high, the terminal is write-enabled whereas when it is 
low the terminal is write-inhibited. 


The foregoing function was accomplished by furnishing 
one internal circuit to determine the level of the 
WB/WE signals during the RAS signal falling phase, 
and another to latch the determination as the mask 
data. This mask-data latch circuit is reset each time by 
means of the RAS clock. For this reason, itis necessary 
that the mask data be reset each time the RAS cycle 
takes place. In page mode, the mask data is set up in 
the very first RAS/CAS cycle when the mode shifts to 
page mode and the same value is retained so long as 
page mode continues. In page mode, it is not possible 
to update the mask data in each and every CAS cycle. 


New Functions and Performance at Low Cost 


When we Set about developing the new memory chip, 
one important prerequisite was to keep the production 
cost as low as possible. Our market research revealed 
that no matter how outstanding the functions and 
performance, unless we keep the price at 1.2 to 1.5 
times that of the conventional standard 256K-bit RAM 
chips, the new chip would not be accepted by a large 
number of users. 


To achieve high access speed, there were efforts to 
bring in CMOS technology, which was already adopted 
in RAMs with static column mode.3 At present, however, 
we judged that the way to realize a low-cost memory 
chip is undisputedly that of NMOS circuits. Conse- 
quently, we opted to adopt directly the process tech- 
nology of NEC’s traditional standard 256K-bit dynamic 
RAMs (see table 2). Since we can use the existing 
production line without modification, productivity can 
be kept at the same level as standard dynamic RAMs. If 
process conditions were altered, they could bring 
about factors that would raise costs, such as an 
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increase in the number of masks or degradation in the 
flow of production lines. Against the background of 
such constraints, we realized the functions and per- 
formance of the new memory chip only by revising the 
design technology of the peripheral circuits while 
retaining the existing dynamic RAM as acore structure. 


Figure 7. Write-per-Bit Function Timing 
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Chip Layout 


The layout of the new memory chip is shown in figure 8. 
The rectangular circuit block at the left side was added 
for this chip. The remaining section is basically identical 
to the existing 64K x 4-bit dynamic RAM chip. It is 
characterized by a folding bit-line structure and its 
sense amplifier block was placed in the periphery. The 
row decoder, which selects bit lines, was placed in the 
center. The data registers, selector, and the serial 1/O 
bus, which together compose the serial port, had to be 
placed close to the memory cell array. 


The I/O bus and the row decoder of the random access 
port must be connected to the pair of bit lines connect- 
ing to the sense amplifier. Moreover, the data registers 
and the selector of the serial port must also be 
connected. While giving design priority to the serial 
port, which operates at a high rate of speed, we placed 
the row decoder in the central part of the gate arrays, a 
little bit separated from the sense amplifier. The serial 
port's circuits were placed in the outer rim of the gate 
arrays adjacent to the sense amplifier. Since the high- 
speed operating serial port becomes a major source of 
noise, by placing it at an outer rim we can expect to 
reduce the probability of transients. 


Since we cannot avoid an increase in the surface 
displacement of the chip, the restriction in packaging 
was particularly severe in the shorter sides of the chip 
package. To prevent an increase there, dimensions of 
the memory cells in terms of the width and length ratio 
were slightly altered from that of conventional 64K x 


Figure 8. Layout of the Dual-Port Memory Chip 
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4-bit RAMs (6 x 10 um). The cell capacity remained the 
same. 


Data Registers 


Figure 9 illustrates the architecture of circuits from the 
data I/O terminal of the random port I/O; and the 
output terminal of the serial port SO; to the sense 
amplifiers. 


The two boxed-in sections indicate the data registers, 
which are connected to individual sense amplifiers. A 
set of 256 such circuits make up a serial output 
terminal. 


The bit-line signals, which were amplified by the sense 
amplifiers, are sent to the serial port and the random 
access port. The real-time data transfer was ac- 
complished by bypassing the data registers and 
providing the relay channel to send the signals amplified 
by the sense amplifiers directly to the serial output 
terminals. 


The functioning of the random port is similar to that of 
conventional dynamic RAMs. For the serial port, the 
data registers read in data from the memory cells 
during the internal data transfer cycle and they retain 
the data until the next data transfer cycle. Next, the 
output from the data registers becomes the input to the 
differential amplifiers attached individually to each 
register. The differential amplifiers are given the enable 
state by means of output signals from their selector, 
which then sends signals to the differential amplifiers 
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connected to the serial output terminal. A set of 256 
data registers and differential amplifiers is connected 
individually to each serial I/O bus depicted in figure 9. 
The output signals from the selector serially cause 
them to become enabled, hence causing the data to 
appear serially from the serial output terminal. 


As shown in figure 9, for the data registers we adopted 
differential amplifiers consisting of MOS transistor 
pairs. Because we minimized the burden capacity of 
each bit-line, which would increase when the data 
registers were connected, the operational tolerances 
of the sense amplifiers did not diminish. 


For the purpose of amplifying the contents of the data 
registers selected by the selector and to send them to 
the serial output terminal, static-type differential amp- 
lifiers were connected vertically. Since they operate at 
such a high speed as the maximum 25 MHz, no 
dynamic circuit can be used in this area. Hence the 
circuits used in the n-MOS static RAMs were adopted 
without modification. 


Figure 9. Data Register Circuits 
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The serial port, which operates at high speed, was 
placed in the periphery. 


Table 2. Processing Technology of the Dual-Port 
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Internal Data Transfer Cycle 


The area in figure 9 that required a significant amount 
of our efforts was the signal relay channel we built for 
the purpose of sending directly to the serial output 
ports the data ordinarily directed to the random port 
(see the right-hand side of the same figure). By 
bypassing the data registers, and thus taking the 
output from the sense amplifiers directly to the serial 
port, it became possible to accomplish the real-time 
data transfer. The internal data transfer begins with the 
start-up of the DT signal timing. To accomplish the 
real-time data transfer, the first data must be output 
within 10 ns of this DT start-up timing (figure 6). This 
operation cannot be done by ordinary procedures 
using the data registers. For this reason, as illustrated 
in figure 9, we furnished bypass channels, which were 
designed to output only the start-up data after the 
completion of the internal data transfer. In the bus 
architecture, as compared to ordinary access cycles, 
the contents of the memory cells are amplified, and 
they can be determined by specifying the row and 
column addresses. Although the data output terminal 
on the random port side is set to high-impedance mode 
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during internal data transfer, its operation is identical 
to the ordinary readout cycles until it reaches the 
output buffer phase. 


Figure 10 is a block diagram of the circuit to generate 
the timing signals for controlling the random port. The 
three asterisked blocks have been newly added. The 
DT/OE level comparator checks levels of the DT/OE 
signals at the time of the RAS ascent to determine 
whether the data transfer or ordinary cycle is being 
invoked. The DT timing generator creates the internal 
timing signals to be used for data transfer cycles. The 
mask register retains mask data for write-per-bit 
operation. 


Figure 11 shows timing of the main internal signals of 
the internal data transfer cycle. In order to invoke the 
data transfer cycle, first the DT/OE signals are keptata 
low level prior to the falling RAS. Also it is necessary to 
keep the DT/OE signals at a low level for at least 90 ns 
after the falling RAS. 


The DT/OE level comparator circuit shown in figure 10 
detects that the DT/OE signal level is low during the 
falling RAS, and when the address buffer latches on the 


Figure 10. Block Diagram of the Timing Generator Circult Controlling the Random Port 
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column address and settles its cycle action, the circuit 
emits the DT enable signal. Receiving this, the DT 
timing generator is enabled. In addition, the DT/OE 
level comparator controls the OE enable signals and 
hence turns the data output terminal of the random 
port into a high-impedance state. During this internal 


Figure 11. 
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data transfer cycle, write-access to the random port 
becomes inhibited. 


To actually transfer the data internally, the three types 
of internal signals that operate on the data registers are 
put under control (figure 9). The timing mechanism 
pertaining to these signals is illustrated in figure 11. 


Timing of the Main Signals Involved in the Internal Data Transfer Cycle 
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First, a little before the signal to enable the I/O bus 
amplifier, which amplifies the signal level of the random 
port’s I/O bus, signals are sent to enable the data 
registers, leaving the data registers activated before- 
hand. After this, when the DT/OE signals are started 
up, the data register precharge signals and the data 
transfer signals are generated internally. This leads to 
intake of data by the data registers from the bit-lines. In 
this manner, the internal data transfer is carried out by 
means of the start-up timing of the DT/OE signals. 


In the meantime, to accomplish the real-time data 
transfer function, it is necessary to guide the start-up 
data after data transfer through the bypass circuit as 
shown in figure 9. This is controlled by the output data 
latch signal, timing of which is shown in figure 11. This 
signal is also generated by means of the start-up 
timing of DT/OE. Using this signal, the start-up data 
are supplemented when they are sent to the I/O bus 
data registers shown in figure 9. 


Figure 12. 
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Internal Circult of the Write-per-Bit Function 
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Write-per-Bit Circuit 


Figure 12 shows a block diagram of the internal circuit 
that accomplishes the write-per-bit function. Its oper- 
ational principle is a simple one. If the WB/WE signal is 
at a low level at the time of the RAS descent, then the 
mask data registers are enabled and each of them 
latches its input signal W; according to its own timing. 
The output from each mask data register controls its 
own data input buffer and determines whether or not to 
take in the data at the next write timing. 


Initially, we were not thinking about this function. We 
assumed that the random port should be an identical 
design to that of conventional RAMs and proceeded 
with our overall design accordingly. However, when 
we queried our users, domestic and abroad, they 
asked that a write mask capability be provided. Since 
then we have received strong requests saying that in 
graphic application fields in particular this function isa 
necessity. Hence, as our response we added this write- 
per-bit function. 
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Pointer Control Function 


Figure 13 is a block diagram of the internal circuit that 
accomplishes the pointer control function. Up to now, 
we have explained the serialized data output in terms 
of a combined functioning of the counter and a 
selector serially selecting the contents of the data 
registers. Functionally, this explanation is not wrong; 
however, in reality it is more contrived as shown in 
figure 13. 


As a matter of fact, no counter is used. The row address 
is latched to the data transfer cycle and then decoded. 
As a result, of the 256 drivers shown in figure 13, only 
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one is enabled and the contents of the corresponding 
data register are sent out to the serial output terminal. 
The decoder of figure 13 no longer gets involved in the 
subsequent serial operations. When the SC clock 
signal is received, the 256 drivers get serially enabled in 
a ring-register fashion and send out the data serially. 


If a selector consists of a counter and a decoder, its 
power dissipation level gets high. This is because to 
operate the decoder at the maximum speed of 25 MHz, 
a static circuit must be adopted. Let us explain figure 
13 somewhat more in detail. First, in the internal data 
transfer cycle, the row address is taken into the 


Figure 13. Block Diagram of the Pointer Control Function 
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address register. Of the register outputs, A;-A7 get into 
the decoder, but Ag only sets up staging the flip-flop for 
the next register action cycle. The two drivers are 
paired as a set and the output from the decoder enables 
only one such pair. The output of the flip-flop (Ag’ and 
Ao’) further selects only one pair. 


The 256 drivers in figure 13 are joined together. When 
the SC clock signal is input, after selecting one driver 
using the decoder during the data transfer cycle, the 
drivers at the next level become enabled in a serially 
cascading manner. The Ao’ and Ao’ signals drive this 
mechanism. 


The flip-flopping output between Aj’ and Ag’ is control- 
led by the toggling operation of the falling SC clock. 


As seen in figure 13, the addresses of the drivers and 
those ofthe data registers are offset by one for each of 
their combinations. This is because to operate them at 
a high rate of speed, the action of the selector and the 
amplification of the serial data are pipelined. By doing 
it this way, it was possible to take the access time of the 
serial port down to 25 ns in actual measurement (see 
figure 14). 


The contents of the data register corresponding to an 
enabled driver appear in the serial port. For the 
purpose of accomplishing the pointer control function, 
the row address of the data transfer is input to enable a 
specific driver. Each of the drivers is connected 
together, serially enabled by the SC signals. 


As explained previously, the flip-flop action is accom- 
plished by the falling SC signals. As shown in figure 13, 
the output signal of the selector (that is, the driver's 
output in figure 13) stays more or less constant prior to 
start-up of the SC signal of the next cycle. In the circuit 
of figure 9, in the start-up timing of the SC signal, the 
differential amplifier attached to a particular data 


Figure 14. Measured Serial Output Port Access 
Time (Ta = 25°C) 
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register is already set up in enable state. As a result, the 
access time measured from the start-up timing of the 
SC signal includes only the operational time needed to 
amplify the signals from the serial output bus shownin 
figure 9. 


Going back to figure 9, let us examine the operations of 
the section that amplifies and outputs data from the 
serial output bus. For the serial bus, a transistor or 
balancer is used as in static RAMs. This transistor 
becomes on-state when the SC signal stays at a low 
level, hence short-circuiting the two bus-lines. In order 
to speedily amplify new signals, the bus-lines need to 
be electrically charged to the same voltage beforehand. 
Simultaneously with the start-up of the SC signal, this 
transistor becomes off-state and the contents of the 
data register selected by the selector get amplified. 


With regard to the switch to change over the readout 
channels, any one of the gates is “on” during the period 
the SC signal is at a high level. Both the SC/NM and 
SC/DT signals, which drive the switch, are the signals 
generated by the SC clock. The SC/DT signal is a 
signal consisting of only the SC pulse to access the 
beginning data after the internal data transfer. By 
contrast, the SC/NM signal consists of only those 
pulses taken from the SC clock that coincide with the 
SC/DT. This means that in ordinary serial cycles, the 
contents of the data registers are sent to the differential 
amplifiers in the beginning stage of the output buffer 
while the SC signals remain at a high level. It is only 
when the beginning data is accessed that the contents 
of the bypass channel are connected to the output 
terminal. In the differential amplifiers of the beginning 
stage of the output buffer, the SC signals, which are the 
inverted SC signals, are input as the enable signals. As 
a result, while the SC signals stay at a low level and all 
the changeover switches for the readout channels are 
“off,” the previously mentioned data are kept at the 
output terminal. 


Selector in the Pointer Control Function 


In the data transfer cycles, the selector circuit of figure 
13 reads in a new row address and activates the 
decoder circuit. For this reason, it takes longer than an 
ordinary selector operation. Even so, since we adopted 
the previously mentioned circuit design, we could 
leave some margin of tolerance in the selector’s oper- 
ation time during this phase. Because the internal 


' serial I/O bus is shut off from the output terminal 


during this phase, unpredictable data cannot appear 
on the output terminal. : 


The details of the selector, consisting of decoders and 
drivers, are in figure 15. The figure is an excerpt 
showing only a portion of the 128 decoders and 256 
drivers, 
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Figure 15. Selector Circult Diagram 
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Let us start our explanation with operation of the 
internal data transfer cycle. Assume as given that the 
row address of this cycle causes the decoder (i) to be 
selected and that the least significant bit of the row 
address (Ao’) is at a high level (H). First, when the DT 
signal of the data transfer cycle restores to H, a pulse 
with positive polarity is generated as a reset signal. Asa 
result, Q7, Q13, etc. turn on and all the outputs are 
reset to a low level (L). After this, when a pulse with 
positive polarity is generated as the selector enabling 
signal, because the output from the decoder (i) is at H, 
node Dj; is charged via Q1 and becomes H. The 
remaining 127 nodes will not get charged, since their 
corresponding decoders are at L. At this time, since Ag’ 
is H, Q6 turns on and column 2i remains at L. In the 
meantime, since Ag’ is at L, Q12 is off and column 2i+1 
becomes H. 


This means that immediately after the internal data 
transfer, only the output from driver 2i+1 becomes H. 
This amounts to the same operation explained in 
conjunction with figure 13. In figure 15, we added the 
signal levels at each of the locations during this phase. 
In this state, node Cy;+, is at H. This is because Q2’ is 
on whereas Q3’ is off. All nodes of the other driver 
circuits corresponding to Co;+2 are at L. 


When the next SC clock signal is input from this state, 


column 2i+1 becomes L and column 2i+2 in turn. 


should become H. When the SC clock is input, the 
flip-flop shown in figure 13 reverses and Ao’ of figure 15 
becomes L and Ap’ becomes H. As a result, Q12 turns 
on, the stray capacitance at node Ajj; is discharged, 
and column 2i+1 becomes L. In the meantime, Q5’ 
turns off and the stray capacitance charge at node 
Coi+2 goes through the OR circuit, charging node Ajj+2 
into H level and causing column 2i+2 to become H. 
Similarly, when the next SC clock signal is input, 
column 2i+2 gets into L level, and column 2i+3 
becomes H. Each time the SC clock signal is input and 
the flip-flop changes state, the output from the drivers 
changes into H in a chained series. 


CPU Access to the Frame Buffer 


In designing a frame buffer for graphic displays, the 
question of how to distribute the CPU access cycles 
and the data output cycles to the CRT becomes one of 
the keys in the system design. Typically, the conven- 
tional standard product or the single-port RAM is used. 
To avoid display flickers, we must resort to either the 
method of allowing the CPU access only during the 
blanking period, or the so-called cycle-stealing method. 
Either one of them brings about limitations in the 
access efficiency for the CPU. In many systems this 
constituted the bottleneck and the speed of refreshing 
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the display data could not be increased. Moreover, 
timing their peripheral circuits would become complex. 


If our dual-port memory is used, it becomes possible to 
allow the CPU random access while display data are 
being output to the CRT. And the operational efficiency 
of the CPU is freed from the restriction of the frame 
buffer(s). Not only does the system design get sim- 
plified, but also, even when the display specifications 
are changed, it is possible for the memory’s peripheral 
circuits to respond to the changes more easily. 


There is a broad range of applications for the dual-port 
memory. It can be used as a general-purpose product 
for frame buffers ranging from low-resolution to high- 
resolution displays. Let us introduce here three kinds 
of systems utilizing this memory. First, we will describe 
in detail a system with a display of 320 x 200 pixels. 
Next, we will introduce a section that will become the 
key to assembling frame buffers for a 640 x 456 pixel 
display using one of NEC’s graphic display controllers. 
Finally, we will describe a technique to be applied toa 
high-resolution display of 1280 x 1024 pixels. 


A 320 x 200 Pixel Graphic Display System 


Our first example is a demonstration circuit applied to 
a 320 x 200 pixel color graphic display system. Using 


the dual-port memory as the frame buffer, we created a 


board to directly connect to the RGB input terminal of 
the color display for NEC’s PC-8001A personal 
computer. 


Figure 16. Specifications of the 320 x 200 Pixel Graphic 
Display 
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Figure 16 shows the display specification of the 
PC-8001A. Since the horizontal display period is 
44.7 ps, in order to display 320 pixels on one scan line, 
the pixel rate is 139.7 ns. 


In the demonstration circuit design, the frame buffer to 
match such a display specification called for the map- 
ping scheme shown in figure 17. For each correspond- 
ing RGB plane, a data bus for the 8-bit based CPU was 
provided. This means that in one CPU cycle, 2 bits are 
accessed in each RGB plane. 


Forthe memory capacity of the frame buffer, 320 pixels 
x 200 pixels x 3 planes means 24,000 bytes are 
required. If the real-time data transfer function of the 
dual-port memory is used, the frame buffer can be 
contained within this minimum memory capacity. How- 
ever, in our current configuration, we came up with the 
mapping scheme shown in figure 17B. That is, we used 
two dual-port memories and the high-order 4 bits and 
low-order 4 bits of the CPU data bus were connected to 
the respective random ports. Then, we corresponded 
each horizontal scanning beam to a row of the memory. 
This resulted in an unused residue of memories as 
shown in figure 17B. 


it should be noted that the main emphasis of this experi- 
mental assembly was to verify the faster refresh speed 
of the displayed data. For this reason, our design 
specification was to make the internal data transfer 
take place only during the horizontal blanking periods 
and allowed the memory usage efficiency to stay less 
than optimum. Nevertheless, the 14K bytes of unused 
memory cells (worth 56 rows) were effectively utilized 
as part of the program area to be used by the CPU. 


Block Diagram. Figure 18 is a block diagram of the 
demonstration circuit. For the PC-8001A color display, 
the horizontal syne signal (HSYNC) and the vertical 
sync signal (VSYNC) are synchronized with the RGB 
video output signals. Without receiving any external 
restrictions, the CPU (Z80A) executes the program 
written in the PROM. 


Although a CRT controller (6845) was used, it was 
merely a generator of the horizontal sync, vertical 
sync, and blanking signals. The timing generator and 
controller at the lower left side of figure 18 was made 
out of a standard TTL-type IC. The address output 
from the controller becomes the row address used by 
the dual-port memory when it internally transfers data. 
This address and the address sent from the CPU are 
multiplexed and applied to the address input of the 
dual-port memory, which is the frame buffer. The 
multiplexer also performs the time-slice selection for 
row and column addresses. 
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The frame buffer in figure 17 consists of two 256K-bit 
dual-port memories. The setup makes it possible to 
connect their random-access ports directly to the data 
bus of the CPU. If a single-port memory were used, a 
cumbersome switching circuit would be needed. The 
output from the frame buffer goes into three 2-bit 
paraliel-serial converter circuits, one for each of the 
RGB planes, and their outputs become the video 
signals. For refreshing the dual-port memories, the 
CAS-before-RAS refresh was used. This refresh is 
executed during a CPU’s instruction fetch cycle. 


From the display specification of figure 16, the PIXEL 
clock that operates the parallel-serial converter circuit 
is 7.16 MHz. From this we can determine the frequency 
of the SC clock, which operates the serial port of the 
dual-port memory, to be 3.58 MHz. The frequency of 
the clock used in the 6845 CRT controller is identical. 
However, the timing control circuit controls the SC 
clock in such a way that it is stopped during the 
blanking period. Although there is a residual moment 


Figure 17. Memory Mapping Scheme 
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of time left during the blanking period, between com- 
pletion of internal data transfer by the dual-port 
memory and the ‘beginning of the display, this is 
because the serial port is stopped during that time 
span. For the purpose of generating the foregoing 
clocking signals, a 14.318-MHz quartz oscillator was 
used. One advantage of a system using the dual-port 
memory is the ability to select the CPU clock in- 
dependent of the display specifications. However, to 
keep the circuit simple, we chose the CPU clock also to 
be at 3.58 MHz. 


Connection Diagram. A detailed connection diagram 
of our demonstration system and a photograph of its 
board are shown in figures 19 and 20. In addition to the 
CPU (Z80A), the CRT controller (6845), the PROM 
(27128), the two dual-port memories (41264s), the 
assembled unit included 25 standard TTL-type ICs. 
Table 3 summarizes the value settings given to the 
internal registers of the CRT controller. Following is a 
brief explanation for operation of the circuit shown in 
figure 19. 


NEC 


As can be surmised from figure 19, the timing control 
block of figure 18 is divided largely into four circuits: 
clock signal generator, DT/OE signal generator, SC 
clock generator, and address generation counter for 
data transfer. 


Of these, the clock signal generator produces the clock 
signals needed by each of the others from a 14.318- 
MHz original clock oscillator. It provides 3.58-MHz 
clock signals to the CPU, the CRT controller, and the 
SC clock generator, while it outputs the 7.17-MHz 
PIXEL clock signals to the parallel-serial converter 
circuit. The RAS and CAS signals of the dual-port 
memory are also generated by this circuit. The RAS 
signal is created by adding the MREQ signal from the 
CPU andthe DT signal from the DT/OE signal generator. 
To create the CAS timing of the CAS-before-RAS 
refresh, the M17 signal from the CPU is also input. The 
selection signal for the multiplexer circuit to select the 
row and column addresses in a time-sliced fashion is 
also generated by means of this circuit (i.e., the Ainput 
for each multiplexer IC). 


Figure 18. Block Diagram of the Circuit for a 320 x 200 Pixel Graphic Display 
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With regard to the generator circuit of the SC clock, the Table3. Value Settings of CRT Controller (6845) 
3.58-MHz clock signal from the clock generator circuit Internal Registers 
is controlled so that it is kept at a low level during the 


blanking period, andthenissentouttotheframe buffer  Resister —_—Register 





: : . Number Name Setting Spec. Set Value 

and the parallel-serial converter circuit. ee 
RO Number of all 224 characters/1H 223=DFH 

For the circuit of our discussion here, to prevent the horizontal 

CPU from having access to the internal data transfer characters 

cycle of the dual-port memory, we adopted a method of Ri Number of horizontally 160 characters 160 = AOH 

inputting the BUSRQ signals to the CPU prior to each displayed characters 

cycle. The DT/OE signal generator circuit of figure 19 —R2 Horizontally synchro- 180 characters 180 = 1B4H 

produces this signal. nous positions 

The BUSROQ signal was produced from the HSYNC ‘8 Width of horizontally 15 characters 15 = OFH 

signal generated by the CRT controller. When this Synchronous pulses 

signal is input into the CPU, the CPU returns the 4 Number of all 128 rows/1V 127 = 7FH 

BUSAK signal. The DT/OE signal generator receives vertical characters 

this signal and generates the DT signal that controls = R5 Total raster adjust 4 scan lines 4=04H 

the internal data transfer. horizontal characters 

The DT signal and the OE signal of the CPU access “ aiclaed en aca antroMs Se 

cycle are switched around by the selector in the final@©=<=—24271— ST 
R7 Vertically synchro- 108 rows 108 = 6CH 


stage, and hence the DT/OE input signal of the dual- 


; nous positions 
port memory is created. E 


R8 Interlace mode Non-interlaced 0=00H 

R9 Maximum raster 2 scan lines 1=01H 
address 

R10-R17 0 =00H 


Figure 20. Photograph of the 320 x 200 Pixel Graphic Display System Board 
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The row address generator counter for data transfer 
creates the row address for internal data transfer of the 
dual-port memory shown in figure 19. In this experi- 
ment, the row address of the memory was made to 
correspond toa horizontal scanning line of the display 
on a one-to-one basis and the data transfer cycle is 
executed during the horizontal blanking period. For 
this reason, the circuit of this section was simplified. 


Figure 21. CPU Access Efficiency 
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The address generator circuit for the data transfer 
counts the blanking signal DE, which is output from the 
CRT controller. The row address counters are cleared 
by VSYNC and their outputs sent to the multiplexer. 


The multiplexer circuit of figure 19 selects the address 
of the dual-port memory. There are two functions 
involved. One is the function to select the row and 
column addresses in a time-sliced fashion. In this case, 
the function is controlled by an output from the clock 
signal generator circuit to the selection A input of the 
multiplexer ICs. The other function selects the CPU’s 
address bus during ordinary CPU access cycles, but 
selects the transfer address during internal data transfer 
cycles. As we explained previously in connection with 
the DT/OE signal generator circuit, the BUSAK signal 
from the CPU controls this function via the selection B 
input to the multiplexer ICs. It should be noted that the 
multiplexer C1 inputs, which become the row address 
in internal data transfer cycles, are always low level in 
the demonstration circuit. If an output port is added to 
allow the CPU to control C1, itshould become a simple 
task to accomplish the horizontal dot scrolling function. 


Even with our demonstration circuit, in which we tried 
to keep the peripheral circuits as simple as possible, we 
could achieve an efficiency of 93.3 percent (figure 
21A). If the real-time data transfer function is used 
effectively, it is possible to make the efficiency 98.28 
percent (figure 21B). 


If a signal as shown in figure 22 is input to the Draw- 
Wait terminal, the next cycle always becomes a display 
cycle. Even when the GDC is executing a graphic 
drawing cycle and updating the contents of the frame 
buffers, so long as such a signal is input from the 
outside, itis possible to force an interrupt in the access 
to frame buffers. Subsequently, the dual-port memory 
can execute the internal data transfer in the next cycle. 
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Access Efficiency. Let us calculate the efficiency with 
which the CPU accesses the frame buffers in our 
demonstration circuit. As shown in figure 21A, the 
circuit always executes one data transfer cycle during 
one horizontal scanning period, including the vertical 
blanking period. From the figure we derive that the time 
ratio forthe CPU to access the frame buffers is 93.30%. 
This value cannot be attained by means of a conven- 
tional single-port RAM. 


If we can effectively use the real-time data transfer 
function, this value can be made even higher. As shown 
in figure 21B, if one row of the dual-port memory is 
corresponded to a display without waste, it is possible 
to reduce the number of data transfers for each frame 
to 125. If the circuit is designed so that the amount of 
time required for one cycle of data transfer is eight 
times that of the SC clock cycle, then using the 
calculation technique shown in figure 21B, the ef- 
ficiency of the CPU access becomes 98.28%. 


640 x 456 Pixel Graphic Display System 


Next, we shall introduce an application example of a 
medium resolution system with 640 x 456 pixel display 
capability. For this we used an improved version of 
NEC’s graphic display controller (GDC), uwPD7220A.14 


Draw-Wait. The improved version of the GDC was 
made into a product before the dual-port memory, but 
their development periods overlapped. For this reason, 
we could at least incorporate one function into the 
improved version of the GDC that would work in 
concert with the dual-port memory. This function is the 
Draw-Wait function. We provided a terminal (Draw- 
Wait) for temporarily halting externally the graphic 
drawing function of the GDC during its execution. In 
order to prevent an increase in the number of terminal 
ends, we piggy-backed this function with the existing 
light-pen input terminal. When the GDC is initialized, it 
is possible to decide whether this terminal is to be used 
for the light-pen input or the Draw-Wait input. 


Referring to figure 22, when the terminal is used for the 
Draw-Wait input, an external signal is generated that is 
in sync with the GDC clock cycle and able to remain at 
a high level during at least four clock cycles. When the 
signal goes low, the GDC operates in a display cycle. 
This means that when the GDC executes a graphic 
drawing cycle and is updating the contents of the 
frame buffers, if an external signal is sent to the GDC 


(figure 22), in the next cycle the GDC halts the. 


operation to update the frame buffers. It is possible to 
utilize this timing for the internal data transfer of the 
dual-port memory. In such an instance, it is also pos- 
sible to utilize the display address output from the GDC 
as the pointer control address. 
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Flashing/Flashless Drawing Modes. Before we intro- 
duce the application example that combines the GDC 
and the dual-port memory, a brief explanation is in 
order for the graphic drawing mode of the GDC. The 
graphic drawing mode is divided into flashing mode 
and flashless mode. The flashless mode allows the 
graphic drawing action of the GDC only during the 
blanking period, whereas in the flashing mode graphic 
drawing can be performed even during display. Al- 
though the speed for screen display update increases 
in the flashing mode, in circuits using existing single- 
port RAMs as their frame buffers, the display is bound 
to incur flickering (flashing). 


lf the dual-port memory is used for the frame buffers, 
even when the GDC is in the flashing mode, there is no 
flickering in the display. It becomes possible to bring 
the drawing efficiency of the GDC close to 100 percent 
while keeping the display from being corrupted by 
flickers. 


Graphic Drawing Speed. WIth an improved version of 
the GDC as the controller, and a circuit corresponding 
to a 640 x 456 pixel display, we examined the effect of 
improvements in aspects such as graphic drawing 
speed. The specifications of our demonstration board 
made it interchangeable with NEC’s graphic memory 
board N5200 Model 05 (APC). 


The N5200 Model 05 (APC) uses a 64K x 1-bit single- 
port RAM (uPD4164). By combining 16 such chips into 
a plane, and by internally assembling three planes, we 
made it possible to produce eight different colors at a 
time. Since the memory capacity of one plane is 1 
megabit, the display area consisting of 640 x 456 pixels 
is extracted from the plane and displayed. When the 
dual-port memory is used in a configuration, its design 
architecture results in the diagram in figure 23. There, 
one plane consists of four chips. The random port can 
be directly connected to the GDC’s bus. The serial port 
can be directly connected to the parallel-serial conver- 
ter circuit. The DT/OE, SC, and SOE signals that 
control the dual-port memory are generated by a 
control circuit. 


For the parallel-to-serial converter circuits, we managed 
with an 8-bit circuit for each plane. This was ac- 
complished by dividing the memory chips composing 
a plane into two groups, and then flip-flopping the 
serial output enable signal SOE as the input to each 
group. If four kinds of SOE signals, each offset in phase 
by 45 degrees were generated, it would also be possible 
to make the parallel-to-serial conversion circuit as a 
4-bit circuit. 
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Since the frame buffer for each plane consists of four 
chips, it is possible to store 4,096 bits (256 x 4 x 4) of 
data in the data registers within one cycle of internal 
data transfer. If memory and display were matched in 
such a way that all data in the data registers is sent to 
the CRT as display data, because there are 640 horizon- 
tal pixels, internal data transfer would need to be per- 
formed at an approximate rate of once per 6.4 scanning 
lines. 
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For the purpose of externally interrupting the graphic 
drawing operation during the period of internal data 
transfer of the dual-port memory, we used the Draw- 
Wait function of the GDC. The GDC is an improved 
version and operated in flashing mode. 


The GDC is capable of independently establishing the 
virtual width of the display memory and the number of 
display pixels during one horizontal scanning period 


Figure 23. Block Diagram of the 640 x 256 Pixel Graphic Display 
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on the basis of the number of characters. There are two 
different cases for our consideration. In the first case, 
width of the memory is made larger than the number of 
horizontally displayed pixels. If this is done, horizontal 
scrolling becomes possible only by offsetting the 
addresses for the memory readout. Only the parts to be 
displayed are sent to the CRT from the contents of the 
data registers while the data transfer needs to be done 
each time a horizontal blanking period comes around. 


In the second case, the width of the memory is matched 
against the number of horizontal pixels. This allows all 
data stored in the data registers to be sent to the CRT 
as display data. During horizontal blanking periods, 
the SC clock is halted, and hence the data output is 
halted. Timing signals will also be generated to continue 
internal data transfer during the display period. 


By connecting the demonstration board to the N5200, 
we examined the results of improvement. In the N5200 
Model 05 (APC), we used an 8086 microprocessor as 


Figure 24. Comparison of Graphic Drawing Times 


CPU = Other CPU processing time ([seconds} 
Draw = Drawing time [seconds] 
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the CPU, with the operating speed set at 5 MHz. Here, 
the GDC was operated in the flashless mode with a 
2.5-MHz clock. Since the demonstration circuit operates 
the GDC in flashing mode, it is possible to update the 
contents of the frame buffers at a speed approximately 
four times as fast. Moreover, we set the GDC’s clock at 
5 MHz. Considering all these factors, the update speed 
in our demonstration circuit should be approximately 
eight times as fast as in traditional circuits. 


Figure 24 compares processing time of a system using 
the existing N5200 and one using our demonstration 
circuit. Software to display simple lines, characters, 
and circles is based on graphic software GSX from 
Digital Research Inc. As shown in figure 24, the results 
reduced the total amount of time to only one-half or so. 
But this is because the CPU processing time for other 
than accesses to the frame buffers is very long. If we 
separate graphic drawing time from other processing 
time, the drawing time was shortened to between 1/6 
and 1/8. 
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1280 x 1024 Pixel Graphic Display System 


Finally, as an application in high-resolution display, we 
introduce an example of assembling the frame buffers 
corresponding to 1280 x 1024 pixel displays. 


In this case, one plane consists of five packets of the 
dual-port memory. In order to assemble the buffer 
memory for four planes, 20 packets of the dual-port 
memory were used and they were divided into five 
banks, from the CPU’s view. Figure 25 shows this. 


For the 1280 x 1024 pixel display, itis necessary to send 
the display data at a cycle time of about 9.3 ns for each 
pixel. This means that the clock frequency cycle will be 
107 MHz. In the example of figure 25, this data output 
requirement was accomplished by means of a 4-bit 
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paraliel-serial converter circuit for each plane. The 
ENo-EN, symbols signify the enable signals of a 186-ns 
period, each with a phase offset. Using these signals, 
the serial port of each bank is enabled serially, hence 
loading the data in the 4-bit parallel-serial converter 
circuits. Since the serialization cycle time of the dual- 
port memory is 40 ns minimum, this leaves room for 
tolerances of other related timings. This is not the case 
with the traditional single-port RAMs. 


In this design, it is possible to assemble the buffer 
memories for four planes. The parallel-to-serial con- 
verter circuits for the high-speed output of data into the 
display can be accomplished by a 4-bit circuit foreach 
plane. 


Figure 25. Frame Buffer for a 1280 x 1024 Pixel Graphic Display 
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Number of Product Types Will Increase 


The new dual-port memory resolves almost all the 
problems that graphic systems designers have faced 
for many years. We are convinced that the three 
functions—real-time data transfer, pointer control, 
and write-per-bit—will become standard for any dual- 
port memory in first-generation frame buffers.§ 


Since the initial announcement, we have received 
much feedback from users. We have requests for even 
newer design specifications pertaining to power con- 
sumption, packaging, new functions, and so on. 


The serial port we introduced this time adopted a static 
circuit. There is no denying that its power consumption 
level is high. In order to reduce this level, it is necessary 
for us to investigate new circuit technologies or intro- 
duction of the CMOS process. 


The package for this product is 400 mils (10.2 mm) 
wide, which makes it large in comparison with tra- 
ditional RAMs. Some users expressed their strong 
desire for a 300-mil (7.6-mm) package. For this we 
would need to investigate ways to introduce the pro- 
cessing technology used in the 1-megabit dynamic 
RAM, which will appear in the near future as a com- 
mercial product, and to make the packaging smaller. 
The idea of containing it within a PLCC is also one of 
our subjects for future investigation. 
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As new functions, we can name the serial input 
function as the first. This makes it possible to directly 
input signals from TV cameras and scanners. We can 
also think of its applications in the communications 
field. We encountered a considerable number of re- 
quests stating that even without the serial input cap- 
ability, a function to simply transfer additional data 
internally from the data registers to the memory cell 
array is needed. This would make it possible to clear 
the memory quickly. It appears in the CAD/CAM field 
that this function will be a required feature. It should be 
noted that for the purpose of merely clearing the 
memory quickly, there are other techniques that should 
also be considered. In addition, we can think of 
incorporating into the chip the logical and arithmetic 
functions for data. In the current trend in graphic 
processing, the so-called raster operation function ap~- 
pears to be becoming standard. The arithmetic function 
we refer to corresponds to this trend. 


It is imminent that 1-megabit dynamic RAMs will be 
introduced as commercial products. It should be in 
1985 when each firm will introduce samples. This may 
spur diversification in the types of memory products. 
Not only in x4-bit configuration, but also in x8-bit and 
x16-bit configurations, we will see commercialization 
of the dual-port memory. For the purpose of increasing 
the speed of random access ports, there should be 
attempts made to adopt static column and/or ripple 
modes in such products. 


NEC 


Acknowledgment 


In acknowledgment, we would like to mention that the 
dual-port memory was developed by the joint efforts of 
many people, headed by Mr. Shoji Ishimoto. For the 
creation of this paper, we received advice on many 
occasions from them. We would like to express our 
deep sense of appreciation to all those who were 
involved. 


References 


1S. Ishimoto, A. Nagami, H. Watanabe, J. Kiyono, N. 
Hirakawa, Y. Okuyama, F. Hosokawa, and K. Tokushige, 
“A 256K Dual Port Memory,” 1985 IEEE International 
Solid State Circuits Conference (ISSCC 85), Digest of 
Technical Papers, Thesis No. WAM3.1, pp. 38-39, Feb. 
1985. 


2 Nagami and Hara, “A Direct |/O-type Dynamic Mem- 
ory Dedicated to 320-row X 700-columns Graphic 
Display for the Field Memories of Televisions and 
VTR’s,” NIKKEI ELECTRONICS, Feb. 11, 1985 issue 
no. 362, pp. 219-239. 


3 Ishihara, Miyazawa, and Sakai, “A 256K CMOS 
Dynamic RAM Featuring the Static Column Mode of 50 
ns Cycle time,” op. cit., Feb. 11, 1985 issue no. 362, pp. 
243-263. 


4 Baba, Mochizuki, and Miyasaka, “A Dynamic RAM 
with the Static Column Mode That Can Easily Increase 
the Speed of Memory Systems,” op. cit., Sept. 12, 1983 
issue no. 325, pp. 153-174. 


5 Saito and Shimogoshi, “Designing the Frame Buffers 
for a 1280X1024 Pixel Graphic Display Using 64K 
RAMs with the Nibble Mode,” op. cit., Aug. 27, 1984 
issue no. 350, pp. 227-245. 


6 Matsunaga, “The 256K Dual Port Memory Which 
Domestic and Overseas Manufacturers Are Racing to 
Get Involved In,” op. cit., May 20, 1985 issue no. 369, 
pp. 195-219. ; 


yuPD41264 


7 K. Guttag, “Video Controller and Dual-Port RAM 
Break Graphics Bottleneck,” Integrated Circuits Maga- 
zine, pp. 47-54, Mar. 1985. 


8 Sussman, “Dual Port Memory Supports Bitmapped 
Displays,” Electronic Imaging, Feb. 1985. 


9 “A Comparison of Memory Alternatives for Graphics 
Frame Buffer Design,” AP Brief, Intel Corp., Jan. 1985. 


10 Whitten, M.C., “Memory Design for Raster Graphics 
Displays,” |EEE Computer Graphics and Application, 
vol. 4, no. 3, pp. 48-65, Mar. 1984. 


11D. Gulley, “Joining Text and Graphics Enhances 
Video Performance,” Computer Design, vol. 23, no. 8, 
pp. 121-140. Aug. 1984. 


12 R, Pinkham, M. Novak, and K. Guttag, “Video RAM 
Excels at Fast Graphics,” Electronic Design, vol. 31, 
no. 17, pp. 161-171, Aug. 18, 1983. 


13 Hayashi and Hagisawa, “A Dual-port 64K D-RAM 
with 256-bit Shift Registers for VRAM-TMS4161,” INTER- 
FACE, June 1984 issue no. 85, pp. 201-210. 


14 Oguchi, Takahashi, and Higuchi, “Manufacturing a 
Graphic Display Controller Using the #PD7220A,” 
TRANSISTOR TECHNOLOGY, Feb. 1984 issue, vol. 
21, no. 2, pp. 343-362. 


3-85 





yuPD41264 NEC 


NEC 


DYNAMIC RAM MODULES 4 





4-A 


DYNAMIC RAM MODULES 


4-B 


Section 4 — Dynamic RAM Modules 
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NV. EC MC-41256A4 

262,144 x 4-BIT 
NEC Electronics Inc. DYNAMIC NMOS RAM MODULE 
PRELIMINARY INFORMATON 


Description Pin Configuration 


The MC-41256A4 is a 262,144-word by 4-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 


The MC-41256A4 operates like four uPD41256 standard 
256K DRAMs. Refresh is accomplished by performing 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or normal read or write 
cycles on the 256 address combinations of Ag-A7 
during a 4 ms period. 


22-Pin SIMM, MC-41256A4A 
(Glass-epoxy Substrate) 


The Single Inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
four uPD41256s in PLCC packages and two power 
supply decoupling capacitors. 





SIMM is a trade mark of Wang Laboratories. 
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Features 


C) 262,144-word by 4-bit organization 83-003519A 
C] Single +5 V + 10% power supply 
C] Standard 22-pin Single Inline Memory Module 22-Pin SIMM, MC-41256A4C 


(SIMM) package 
CJ Incorporates four 256K dynamic RAMs in high- feerne Sucatete) 


density PLCC packaging (uPD41256L) 
O) Includes power supply decoupling capacitors 
C) Low power dissipation: 110 mW standby (max) 
[ TTL-compatible |/O 
CI 256 refresh cycles (Ag-A7 are refresh address pins) 
CL] Page mode capability 





Performance Ranges 


Max Read or Write Page Mode 
Device Access Time Cycle Time Cycle Time 


MC-41256A4-12 120 ns 220 ns 120 ns 
MC-41256A4-15 150 ns 260 ns 145 ns 


“7 eae 
1 i) t 
--4d Loud 


t 
L_ 


- 





83-001926A 


4-1 


MC-41256A4 


Pin Identification 


No. 

1, 6-8, 12-14, 17, 18 
2 

3, 9, 16, 20 

4, 10, 15, 21 

5 

11 

19 

22 


Biock Diagram 
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Function 
Address inputs 
Power supply (+5.0 V) 
Data inputs 
Data outputs 
Column address strobe 
Write enable 
Row address strobe 
Ground 
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Absolute Maximum Ratings 


Voltage on any pin relative to GND —1.0 to +7.0V 
Operating temperature, Topp, ambient 0 to +70°C 
Storage temperature, TsTg —55 to + 85°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Capacitance 
Ta = 0 to +70°C, Voc = 5.0 V + 10%, f = 1 MHz 








Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cia 40 pF Ag-Ag 
Input capacitance Cir 50 pF RAS, WE 
Input capacitance Cic 50 pF CAS 
Input/output capacitance Cpa 15 pF D4-D4, Q4-Q4 (Note 1) 
Note: 
(1) CAS = Viy to disable Doyt 
DC Characteristics 
Ta = 0 to +70°C; Voc = 5 V £10%, GND =0V 
Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Voc 45 5.0 5.5 V 
Input high voltage Vin 2.4 5.5 V 
Input low voltage ViL —1.0 0.8 V 
Standby current lec2 20.0 mA RAS = Vin, Doyt = High-Z 
Input leakage current li —40 40 uA For Ag-Ag, RAS, CAS, WE; 

Vin = 0 to 5.5 V; other pins =0V 
Data input leakage current lL (0) —10 10 vA For D4-D4, Vin = 0 to 5.5 V; 

other pins =0V 
Output leakage current lot —10 10 pA Dout disabled, Vgyt = 0 to 5.5 V 
Output low voltage VoL 0 0.4 V lout = 4.2 mA 
Output high voltage Vou 2.4 Vcc V lout = —5 mA 
AC Characteristics 
Ta = 0 to +70°C; Vocg = 5.0 V +10% 

MG-41256A4-12 MC-41256A4-15 Test 

Parameter Symbol Min Max Min Max Unit Conditions 
Operating current, average \ec1 332 280 mA RAS, CAS cycling, tag = tac min (Note 5) 
Operating current, loc3 260 212 mA RAS cycling, CAS = Vi, tac = tac min 
refresh mode, average ; (Note 5) 
Operating current, loca 180 140 mA RAS = Vi,, CAS cycling, tpc = tpc min 
page mode, average (Note 5) 
Operating current, CAS before —Iocs 270 225 mA RAS cycling, CAS = Vj, tro = tac min 
RAS refresh mode, average (Note 5) 
Random read or tac 220 260 ns (Note 6) 
write cycle time 
Read-write cycle time tawe 265 310 ns (Note 6) 
Page mode cycle time tpc 120 145 ns (Note 6) 
Refresh period trer 4 4 ms 
Access time from RAS. trac 120 150 ns (Notes 7, 8) 
Access time from CAS tcac 60 75 ns (Notes 7, 9) 
Output buffer turn-off delay torr 0 30 0 35 ns (Note 10) 
Transition time (rise and fall) tr 3 50 3 50 ns (Note 4) 
RAS precharge time trp 90 100 ns 
RAS pulse width tras 120 10000 150 10000 ns 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Voc = 5.0 V £10% 


MC-41256A4-12 MC-41256A4-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
RAS hold time tasy 60 75 ns 
CAS pulse width tcas 60 10000 75 10000 ns 
CAS hold time tos 120 150 ns 
RAS to CAS delay time taco 25 60 25 75 ns (Note 11) 
CAS to RAS precharge time torP 10 10 ns (Note 12) 
CAS prechargetime ~S~SC~«S.~S~S~=~C~SS*C“t*i‘“‘“CSé;SCS*S@:SC*~<“‘CSONSC*;&nsS 
(non-page mode) 
CAS precharge time top 50 60 ns 
(page mode) 
RAS precharge CAS hold time trpc 0 0 ns 
Row address setup time tase 0 0 ns 
Row address hold time tRAH 15 15 ns 
Column address setup time tasc 0 0 ns 
Column address hold time tCAH 20 25 ns 
Column address hold time tar 80 100 ns 
referenced to 
Read command setup time tres 0 0 ns 
Read command hold time referenced tray == <0 2 ~~ ~SC*«SSSC~<CS~*é<“‘sésSSCS*«NONOTS):CSW 
to RAS 
time referenced t0 CAS ii : : - we 
Write command hold time twcH 30 40 ns 
Write command hold time referenced twer 90 115 ns 
to RA 
Write command pulse width twp 20 25 ns 
Write command to RAS lead time tRWL 40 45 ns 
Write command to CAS lead time towL 40 45 ns 
Data-in setup time tps 0 0 ns (Note 14) 
Data-in hold time toy 30 40 ns (Note 14) 
Data-in hold time referenced to RAS tpHR 90 115 ns 
Write command setup time twes 0 0 ns (Note 15) 
CAS to WE delay tow 60 75 ns (Note 15) 
RAS to WE delay tawo 120 150 ns (Note 15) 
CAS setup time for CAS before RAS tcsp 10 10 ns (Note 16) 
refresh 
CAS hold time for CAS before RAS tcuR 30 30 ns (Note 16) 
refresh 
Note: 


(1) All voltages referenced to GND. 

(2) An initial pause of 100 ys is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume ty = 5 ns. 

(4) Vin (min) and Vi_ (max) are reference levels for measuring timing of input signals. Transition times are measured between V|, and Vj. 
(5) lect, loos: leca, and Ilocs depend on output loading and cycle rates. Specified values were obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load =2TTL (—1 mA, +4 mA) loads and 100 pF (Voy = 2.0 V, Vo, = 0.8 V). 
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AC Characteristics (cont) 

Note [cont]: 

(8) Assumes that tacp = trop (max). If tacp is greater than the maximum recommended value in this table, taac increases by the amount 
that tacp exceeds the value shown. 


(9) Assumes that tacp = trcp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or VoL. 


(11) Operation within the tacp (max) limit assures that taac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than tacp (max), access time is controlled exclusively by tcc. 


(12) The torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either taRH Or tacH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos, towo. and tawp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos 2 twcs (min), the cycle is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If towp = towp (min) and tawp = trwp (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, 
the condition of the data out (at access time and until CAS returns to Vj};) is indeterminate. 


(16) CAS before RAS operation is specified. 
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Timing Waveforms (cont) 


Page Mode Read Cycle 
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Timing Waveforms (cont) 
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MC-41256A4 NEC 


NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


MC-41256A5 
262,144 x 5-BIT 
DYNAMIC NMOS RAM MODULE 





Description 


The MC-41256A5 is a 262,144-word by 5-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 


The MC-41256A5 operates like five uwPD41256 standard 
256K DRAMs. Refresh is accomplished by performing 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or normal read or write 
cycles on the 256 address combinations of Aop-A7 
during a 4 ms period. 


The Single Inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
five uwPD41256s in PLCC packages and two power 
supply decoupling capacitors. 


SIMM is:a trade mark of Wang Laboratories. 


Featu res 


OC 262,144-word by 5-bit organization 

0 Single +5 V + 10% power supply 

OO Standard 24-pin Single Inline Memory Module 
(SIMM) package 

OO Incorporates five 256K dynamic RAMs in high- 
density PLCC packaging (wPD41256L) 

LC Includes power supply decoupling capacitors 

[] Low power dissipation: 138 mW standby (max) 

(1 TTL-compatible 1/O 

CO 256 refresh cycles (Ap-A7 are refresh address pins) 

CO Page mode capability 


Performance Ranges 


Max Read or Write Page Mode 
Device Access Time Cycle Time Cycle Time 
MC-41256A5-12 120 ns 220 ns 120 ns 
MC-41256A5-15 150 ns 260 ns 145 ns 





Pin Configuration 


# 
£ 
a 


83-003206A 


Pin Identification 


No. Symbol Function 

1, 6-8, 12-14, 17, 18 Ao-Ag Address inputs 

2 Voc Power supply (+5.0 V) 
3, 9, 16, 20, 23 D4-Ds5 Data inputs 

4, 10, 15, 21, 24 Q4-05 Data outputs 

5 CAS Column address strobe 
11 WE Write enable 

19 RAS Row address strobe 
22 GND Ground 
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MC-41256A5 | NEC 


Block Diagram 
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NEC MC-41256A5 


Absolute Maximum Ratings 


Voltage on any pin relative to GND —1.0 to +7.0V 
Operating temperature, Topp, ambient 0 to +70°C 
Storage temperature, Tstg i (it‘(‘(trs*+*« 8S TO HRSG 
Short circuit output current, Ios 50 mA 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 








Capacitance 
Ta = 0 to +70°C, Voc = 5.0 V + 10%, f = 1 MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cia 45 pF Ag-Ag 
Input capacitance Cir 55 pF RAS, WE 
Input capacitance Cic 55 pF CAS 
Input/output capacitance Cog 15 pF D4-Ds, Q4-Q5 (Note 1) 
Note: 
(1) CAS = Vip to disable Doyt 
DC Characteristics 
Ta = 0 to +70°C; Vog = 5 V+10%, GND =0V 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Voc 45 5.0 5.5 V 
Input high voltage Vin 2.4 5.5 V 
Input low voltage Vit —1.0 0.8 V 
Standby current loc2 25.0 mA RAS = Vin, Doyt = High-Z 
Input leakage current hi —50 50 HA For Ag-Ag, RAS, CAS, WE: 

Vin = 0 to 5.5 V; other pins = 0 V 
Data input leakage current liL(0) —10 10 HA For Dy-Ds; vIN 0 to 5.5 V; 
other pins = 0 V 

Output leakage current lot —10 10 HA Dour disabled, Voyy = 0 to 5.5 V 
Output low voltage VoL 0 0.4 V lout = 4.2 mA 
Output high voltage Vou 2.4 Vec V loyy7 =—5 mA 


MC-41256A5 NEC 


AC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V £10% 


MC-41256A5-12 MC-41256A5-15 ‘Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Operating current, average Iccy =2Sté<‘(<itsé*«SS!!!~!*~*#*#*#*#«C8))|)|)| OMA ORAS CAS cycling, tag=trc min (Notes) 
Operatingcurrent,  Iccg 92 265 mA  RAScycling,CAS=Vin,tac=taomin 
refresh mode, average (Note 5) 
Operating current, loca 225 175 MA —_ RAS = Vi, CAS cycling, tp¢ = tpg min 
page mode, average (Note 5) 
Operating current, CAS before —Iccs, 340 280 mA RAS cycling, CAS = ViL, tac = tac min 
refresh mode, average (Note 5) 
Random read or trc 220 260 ns (Note 6) 
write cycle time 
Read-write cycle time tawe 265 310 ns (Note 6) 
Page mode cycle time tpc 120 145 ns (Note 6) 
Refresh period tReF 4 4 ms 
Access time from RAS trac 120 150 ns (Notes 7, 8) 
Access time from CAS tcac 60 75 ns (Notes 7, 9) 
Output buffer turn-off delay torr 0 30 0 35 ns (Note 10) 
Transition time (rise and fall) ty 3 50 3 50 ns (Note 4) 
RAS precharge time trp 90 100 ns 
RAS pulse width tras 120 10000 150 10000 ns 
RAS hold time tas 60 75 ns 
CAS pulse width tcas 60 10000 75 10000 ns 
CAS hold time tcosH 120 150 ns 
RAS to CAS delay time taco 25 60 25 75 ns (Note 11) 
CAS to RAS precharge time tcrp 10 10 ns (Note 12) 
CAS precharge time tcpn 25 25 ns 
(non-page mode) 
CAS precharge time tcp 50 60 ns 
(page mode) 
RAS precharge CAS hold time —_trpc 0 0 ns 
Row address setup time tasr 0 0 ns 
Row address hold time tRAH 15 15 ns 
Column address setup time: tasc 0 0 ns 
Column address hold time tcaAH 20 25 ns 
Column address hold time tar 80 100 ns 
referenced to RAS 
Read command setup time tres 0 0 ns 
Read command hold time trrH 20 20 ns (Note 13) 
referenced to RAS 
Read command hold __ tac 0 0 ns (Note 13) 
time referenced to CAS 
Write command hold time twcH 30 40 ns 
Write command hold time twer 90 115 ns 
referenced to RAS . 
Write command pulse width twp 20 25 ns 
Write command to RAS taWL 40 45 ns 
lead time 
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NEC MC-41256A5 


AC Characteristics (cont) 
Ta = 0 to +70°C; Vog = 5.0 V £10% 











MC-41256A5-12 MC-41256A5-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Write command to CAS towL 40 45 ns 
lead time 
Data-in setup time tps 0 0 ns (Note 14) 
Data-in hold time toy 30 40 ns (Note 14) 
Data-in hold time referenced to RAS toHR 90 115 ns 
Write command setup time twes 0 0 ns (Note 15) 
CAS to WE delay towo 60 75 ns (Note 15) 
RAS to WE delay tawo 120 150 ns (Note 15) 
CAS setup time for CAS before RAS tose 10 10 ns (Note 16) 
refresh 
CAS hold time for CAS before RAS tour 30 30 ns (Note 16) 
refresh 
Note: 


(1) All voltages referenced to GND. 
(2) An initial pause of 100 ws is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 
(3) AC measurements assume ty = 5 ns. 





(4) Vin (min) and V\_ (max) are reference levels for measuring timing of input signals. Transition times are measured between V\y and Vi_. 
(5) loc loos: loca, and Iocs depend on output loading and cycle rates. Specified values were obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load =2 TTL (—1 mA, +4 mA) loads and 100 pF (Voy = 2.0 V, Vo, = 0.8 V). 


(8) Assumes that taop Strcp (max). If tagp is greater than the maximum recommended value in this table, taac increases by the amount 
that taop exceeds the value shown. 


(9) Assumes that taop = tracp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo_. 


(11) Operation within the trop (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if trop is 
greater than trop (max), access time is controlled exclusively by tcac. 


(12) The tornp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tary or trop must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 

(15) twos; towp, and tawp are restrictive operating parameters in read-write/read-modify-write cycles only. !f twos = twos (min), the cycle is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If towp = towp (min) and tawp 2 trwp (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, 
the condition of the data out (at access time and until CAS returns to Vj) is indeterminate. 


(16) CAS before RAS operation is specified. 


MC-41256A5 


Timing Waveforms 


Read Cycle 
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MC-41256A5 


Timing Waveforms (cont) 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


MC-41256A8 
262,144 x 8-BIT 
DYNAMIC NMOS RAM MODULE 





Description 


The MC-41256A8 is a 262,144-word by 8-bit NUOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 


The MC-41256A8 operates like eight uPD41256 standard 
256K DRAMs. Refresh is accomplished by performing 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or normal read or write 
cycles on the 256 address combinations of Ag-A7 
during a 4 ms period. 


The Single Inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
eight uPD41256s in PLCC packages and eight power 
supply decoupling capacitors. 


SIMM is a trade mark of Wang Laboratories. 


Features 


C] 262,144-word by 8-bit organization 

(1 Single +5V + 10% power supply 

O Standard 30-pin Single Inline Memory Module 
(SIMM) package 

0 Incorporates eight 256K dynamic RAMs in high- 
density PLCC packaging (uPD41256L) 

CJ Includes power supply decoupling capacitors 

[) Low power dissipation: 220 mW standby (max) 

O TTL-compatible I/O 

CI 256 refresh cycles (Ap-A7 are refresh address pins) 

OO Page mode capability 


Performance Ranges 


Max Read or Write Page Mode 
Device Access Time Cycle Time Cycle Time 
MC-41256A8-12 120 ns 220 ns 120 ns 
MC-41256A8-15 150 ns 260 ns 145 ns 


Pin Configurations 


30-Pin SIMM, MC-41256A8A 





83-001924A 
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MC-41256A8 


NEC 





Pin Configurations (cont) 


30-Pin SIMM, MC-41256A8B 
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Pin Identification 


No. Symbol Function 

1,30 Vec Power supply (+5.0 V) 
2 CAS Column address strobe 
3, 6, 10, 13 1/04-1/08 Common data inputs/outputs 
16, 20, 23, 35 

4, 5, 7, 8, 11, Ag-Ag Address inputs 

12, 14, 15, 17 

9,22 GND Ground 

18, 19, 24, 26 NC No connection 

28, 29 

21 WE Write enable 

27 RAS Row address strobe 


MC-41256A8 


Block Diagram 


49-001362C 





MC-41256A8 


Absolute Maximum Ratings 


Voltage on any pin relative to GND —1.0 to +7.0V 
Operating temperature, Topp, ambient 0 to +70°C 
Storage temperature, Tstg —55 to +85°C 
Short circuit output current, Ios 50 mA 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 0 to +70°C, Veco = 5.0 V t 10%, f = 1 MHz 

. Limits 
Parameter Symbol Min Typ Max 
Input capacitance Cla 55 
Input capacitance Cir 70 
Input capacitance Cic 70 
Input/output capacitance Coq 17 
Note: 
(1) CAS = Vip to disable Doyt 
DC Characteristics 
Ta =0 to +70°C; Vog = 5 V 10%, GND =0V 

Limits 

Parameter Symbol Min Typ Max 
Supply voltage Voc 45 5.0 5.5 
Input high voltage Vin 2.4 5.5 
Input low voltage ViL -1.0 0.8 
Standby current loco 40.0 
Input leakage current lie —80 80 
Output leakage current lo. —20 20 
Output low voltage VoL 0 0.4 


Unit 
pF 
pF 
pF 
pF 


NEC 


Test 
Conditions 


Ao-Ag 

RAS, WE 

CAS 

1/04-1/0g (Note 1) 


Test 
Conditions 


RAS = Vin, Doyt = High-Z 

Vin = 0 to 5.5 V; other pins = 0 V 
Dout disabled, Voyt = 0 to 5.5 V 
lout = 4.2 mA 

lour = —8 mA 


Output high voltage Vou 2.4 Voc 
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NEC 








MC-41256A8 

AC Characteristics 
Ta = 0 to +70°C; Vog = 5.0 V 410% 

MC-41256A8-12 MG-41256A8-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Operating current, average Icct 664 560 mA RAS, CAS cycling, tac = tac min (Note 5) 
Operating current, lec3 520 425 mA RAS cycling, CAS = Vix, tac = tro min 
refresh mode, average (Note 5) 
Operating current, loca 360 280 mA RAS = Vj,, CAS cycling, tec = tp min 
page mode, average (Note 5) 
Dperating current, CAS before —Iecs 545 450 mA RAS cycling, CAS = Vi, tag = tag min 
RAS refresh mode, average (Note 5) 
Random read or trc 220 260 ns (Note 6) 
write cycle time 
Page mode cycle time tpc 120 145 ns (Note 6) 
Refresh period treF 4 4 ms 
Access time from RAS trac 120 150 ns (Notes 7, 8) 
Access time from CAS tcac 60 75 ns (Notes 7, 9) 
Output buffer turn-off delay torr 0 30 0 35 ns (Note 10) 
Transition time (rise and fall) — ty 3 50 3 50 ns (Note 4) 
RAS precharge time tap 90 100 ns 
RAS pulse width tras 120 10000 150 10000 ns 
RAS hold time trsH 60 75 ns 
CAS pulse width tcas 60 10000 75 10000 ns 
CAS hold time tesi 120 150 ns 
RAS to CAS delay time trop 25 60 25 75 ns (Note 11) 
CAS to RAS precharge time torP 10 10 ns (Note 12) 
CAS precharge time tcpn 25 25 ns 
(non-page mode) 
CAS precharge time top 50 60 ns 


(page mode) 
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MC-41256A8 NEC 


AC Characteristics (cont) 
Ta = 0 to +70°C; Voc = 5.0 V £10% 











MC-41256A8-12 MG-41256A8-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
RAS precharge CAS hold time trpc 0 0 ns 
Row address setup time tasrR 0 0 ns 
Row address hold time tray 15 15 ns 
Column address setup time tasc 0 0 ns 
Column address hold time tcaH 20 25 ns 
Column address hold time tar 80 100 ns 
referenced to RAS 
Read command setup time trcs 0 0 ns 
Read command hold time referenced tRRH 20 20 ns (Note 13) 
to RAS 
Read command hold __ trcH 0 0 ns (Note 13) 
time referenced to CAS 
Write command hold time twou 30 40 ns 
Write command hold time referenced twer 90 115 ns 
to RAS 
Write command pulse width twe 20 25 ns 
Write command to RAS lead time taWL 40 45 ns 
Write command to CAS lead time towL 40 45 ns 
Data-in setup time tos 0 0 ns (Note 14) 
Data-in hold time toy 30 40 ns (Note 14) 
Data-in hold time referenced to RAS tpHR 90 115 ns 
Write command setup time twes 0 0 ns 
CAS setup time for CAS before RAS tcsr 10 10 ns (Note 15) 
refresh 
CAS hold time for CAS before RAS tcHR 30 30 ns (Note 15) 
refresh 
Note: 


(1) All voltages referenced to GND. 

(2) An initial pause of 100 us is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume ty = 5 ns. 

(4) Vin (min) and Vj, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj}, and Vi_. 
(5) loc: loos, Ioc4, and Iccs depend on output loading and cycle rates. Specified values were obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta =0 to +70°C) is assured. 


(7) Load = 2 TTL (—1 mA, +4 mA) loads and 100 pF (Voy = 2.0 V, VoL = 0.8 V). 


(8) Assumes that tacp <= tacp (max). If tacp is greater than the maximum recommended value in this table, taac increases by the amount 
that tacp exceeds the value shown. 


(9) Assumes that tacp = tacp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo_. 


(11) Operation within the tacp (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than trop (max), access time is controlled exclusively by tcac. 


(12) The torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either taRy or tacy must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS. 

(15) CAS before RAS operation is specified. 


NEC 


Timing Waveforms 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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MC-41256A8 NEC 


NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The MC-41256A9 is a 262,144-word by 9-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 


The MC-41256A9 operates like eight uPD41256 standard 
256K DRAMsS with a parity bit. Refresh is accomplished 
by performing RAS-only refresh cycles, hidden refresh 
cycles, CAS before RAS refresh cycles, or normal read 
or write cycles on the 256 address combinations of 
Ao-A7 during a 4 ms period. 


The Single inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
nine wPD41256s in PLCC packages and nine power 
supply decoupling capacitors. 


SiMM is a trade mark of Wang Laboratories. 


Features 


CO) 262,144-word by 9-bit organization 

C Single +5 V + 10% power supply 

OO] Standard 30-pin Single Inline Memory Module 
(SIMM) package 

O Incorporates nine 256K dynamic RAMs in high- 
density PLCC packaging (uPD41256L) 

O Includes power supply decoupling capacitors 

CO) Low power dissipation: 248 mW standby (max) 

O TTL-compatible 1/O 

C) 256 refresh cycles (Ag-A7 are refresh address pins) 

0) Page mode capability 


Performance Ranges 


Max Read or Write Page Mode 
Device Access Time Cycle Time Cycle Time 


MC-41256A9-12 120 ns 220 ns 120 ns 
MC-41256A9-15 150 ns 260 ns 145 ns 


MC-41256A9 


262,144 x 9-BIT 
DYNAMIC NMOS RAM MODULE 


Pin Configurations 


30-Pin SIMM, MC-41256A9A 





83-001922A 
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Pin Configurations (cont) 


30-Pin SIMM, MC-41256A9B 
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Pin Identification 


No. 
1,30 
2 


3, 6, 10, 13, 16, 20, 
23, 25 


4, 5, 7, 8 11, 12, 14, 
15, 17 


9, 22 

18, 19, 24 
21 

26 

27 

28 


29 


83-001923A 


Symbol 
Voc 
CAS 
1/04-1/08 


Ag-Ag 


GND 
NC 


WE 


Dout 9 
RAS 
CASg 


Din 9 


Function 
Power supply (+5.0 V) 
Column address strobe 


Common data 
inputs/outputs 


Address inputs 


Ground 

No connection 
Write enable 

Data output 9 

Row address strobe 


Column address strobe for 
data output 9 


Data input 9 


NEC MC-41256A9 





Block Diagram 





MC-41256A9 | NEC 


Absolute Maximum Ratings 


Operating temperature, Topp, ambient 0 to +70°C 
Storage temperature, Tstg —55 to +85°C 
Short circuit output current, los 50 mA 
Power dissipation, Pp 9.0 W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum. rating conditions for extended 
periods may affect device reliability. 











Capacitance | 
Ta = 0 to +70°C, Veg = 5.0 V + 10%, f = 1 MHz 
Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input capacitance Cia 60 pF Ao-Ag 

Input capacitance Cir 75 pF RAS, WE 

Input capacitance Cic 70 pF CAS 

Input capacitance Cicg 13 pF CAS9 

Input capacitance Cing 17 pF Ding 

Input/output capacitance Cio 17 pF 1/04-1/0g (Note 1} 

Output capacitance Cout 9 12 pF Dout 9 (Note 2) 

Note: 

(1) CAS = Vjy to disable Doyt 

(2) CASg = Vix to disable Dout 9 

DC Characteristics 

Ta =0 to +70°C; Vog = 5 V +10%, GND =0V 

Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 

Supply voltage Voc 45 5.0 5.5 V 

Input high voltage Vin 2.4 5.5 V 

Input low voltage Vit —1.0 0.8 V 

Standby current lece 45.0 mA RAS = Vin, Dot = High-Z 

Input leakage current lit —90 90 yA For Ag-Ag, RAS, CAS, WE; 

Vin = 0 to 5.5 V; other pins = 0 V 
Input leakage current lig —10 10 uA For CASg, Diy 9; Vin = 0 to 5.5 V; 
other pins =0V 

Output leakage current lon —20 20 wA For 1/04-1/0g; Doyt disabled, 

Vout = 0 to 5.5 V 
- Output leakage current loL9 —10 10 uA For Dout 9; Doyt g disabled, 

Vout = 0 to 5.5 V 

Output low voltage VoL: 0 0.4 V lout = 4.2 mA 

Output high voltage Vou 2.4 Voc V lout = —5 mA 
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NEC MC-41256A9 


AC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V 10% 

MC-41256A9-12 MC-41256A9-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 


Operating current, average lect 747 630 mA RAS, CAS cycling, tac = 
trac min (Note 5) 

















Operating current, lec3 585 475 mA RAS cycling, CAS = Vin, 
refresh mode, average tre = trac min (Note 5) 
Operating current, loca 405 315 mA  RAS=Vy, CAS cycling, 
page mode, average tpc = tpc min (Note 5) 
Operating current, CAS before lecs 610 505 mA RAS cycling, CAS =ViL, 
RAS refresh mode, average tac = tac min (Note 5) 
Random read or write cycle time trc 220 260 ns (Note 6) 

Read-write cycle time tawe 265 310 ns (Notes 6, 17) 

Page mode cycle time tec 120 145 ns (Note 6) 

Refresh period trer 4 4 ms 

Access time from RAS trac 120 150 ns (Notes 7, 8) 

Access time from CAS toac 60 75 ns _ (Notes 7, 9) 

Output buffer turn-off delay torr 0 30 0 35 ns (Note 10) 

Transition time (rise and fall) ty 3 50 3 50 ns (Note 4) 

RAS precharge time tap 90 100 ns 

RAS pulse width tras 120 10000 150 10000 ns 

RAS hold time tasH 60 75 ns 

CAS pulse width tcas 60 10000 75 10000 ns 

CAS hold time tos 120 150 ns 

RAS to CAS delay time taco 25 60 25 75 ns __ (Note 11) 

CAS to RAS precharge time tcorP 10 10 ns (Note 12) 

CAS precharge time tcpn 25 25 ns 

(non-page mode) 

CAS precharge time (page mode) tcp 50 60 ns 

RAS precharge CAS hold time trpc 0 0 ns 

Row address setup time tasr 0 0 ns 

Row address hold time tRAH 15 15 ns 

Column address setup time tasc 0 0 ns 

Column address hold time tcAH 20 25 ns 

Coiumn address hold time tar 80 100 ns 

referenced to RAS 

Read command setup time tres 0 0 ns 

Read command hold time referenced trRH 20 20 ns (Note 13) 

to RAS 

Read command hold __ tec 0 0 ns (Note 13) 

time referenced to CAS 

Write command hold time twcH 30 40 ns 

Write command hold time referenced twcr 90 115 ns 

to RAS 

Write command pulse width twe 20 25 ns 

Write command to RAS lead time tawL 40 45 ns 

Write command to CAS lead time towL 40 45 ns 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Vocg = 5.0 V 10% 











MC-41256A9-12 MGC-41256A9-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Data-in setup time tps 0 0 ns (Note 14) 
Data-in hold time toy 30 40 ns (Note 14) 
Data-in hold time referenced to RAS tDHR 90 115 ns 
Write command setup time twes 0 0 ns (Note 15, 17) 
CAS to WE delay towo 60 75 ns (Note 15, 17) 
RAS to WE delay tawo 120 150 ns (Note 15, 17) 
CAS setup time for CAS before RAS tesr 10 10 ns (Note 16) 
refresh 
CAS hold time for CAS before RAS tcHR 30 30 ns (Note 16) 
refresh 
Note: 


(1) All voltages referenced to GND. 

(2) An initial pause of 100 ws is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume tr = 5 ns. 

(4) Vi (min) and Vi, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj, and Vj,. 
(5) loot loca: loca, and locos depend on output loading and cycle rates. Specified values were obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load = 2 TTL (—1 mA, +4 mA) loads and 100 pF (Voy = 2.0 V, Vo, = 0.8 V). 


(8) Assumes that trop = trop (max). If tacp is greater than the maximum recommended value in this table, taac increases by the amount 
that tacop exceeds the value shown. 


(9) Assumes that tacop 2 tacp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Vox or Vo_. 


(11) Operation within the trgp (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than trop (max), access time is controlled exclusively by tcac. 


(12) The torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tary or taoH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading see. of WE for delayed write or 
read-modify-write cycles. 


(15) For Doute: twos, tcwo. and tawp are restrictive operating parameters in read-write/read-modify-write cycles only. lf twos = twos (min), 
the cycle is an early write cycle and the data output will remain open circuit throughout the entire cycle. If tewp = tcwp (min) and tawp= 
trwp (min), the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above 
conditions is met, the condition of Dour g (at access time and until CASg returns to Vj) is indeterminate. 


(16) CAS before RAS operation is specified. 


(17) Read-write/read-modify-write operation can be performed only by the PLCC controlled by CASg because of its separate data input and 
output terminals. 
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Timing Waveforms 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The MC-411000A1 is a 1,048,576-word by 1-bit NUYOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, sense ampli- 
fiers, multiplexed address buffers, and flexible refresh 
controls provide good system operating margins. 


Separate data input and data output pins from four 
uPD41256s are controlled by individual RAS pins and 
common CAS and WE. Data pins are connected in 
parallel to provide single input and single output 
terminals. Refresh is accomplished on each of the four 
uPD41256s by performing RAS-only refresh cycles, 
hidden refresh cycles, CAS before RAS refresh cycles, 
or normal read or write cycles on the 256 address 
combinations of Ag-A7 during a 4 ms period. 


The Single Inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
four uPD41256s in PLCC packages and two power 
supply decoupling capacitors. 


SIMM is a trademark of Wang Laboratories. 


Features 


O 1,048,576-word by 1-bit organization 

CO Single +5 V + 10% power supply 

C) Standard 22-pin Single Inline Memory Module 
(SIMM) package 

C] Incorporates four 256K dynamic RAMs in high- 
density PLCC packaging (uPD41256L) 

CO Includes power supply decoupling capacitors 

C] Low power dissipation: 110 mW standby (max) 

C) TTL-compatible |/O 

C) 256 refresh cycles (Ag-A7 are refresh address pins) 

C] Page mode capability 


Performance Ranges 


Max Read or Write Page Mode 
Device Access Time Cycle Time Cycle Time 
MC-411000A1-12 120 ns 220 ns 120 ns 
MC-411000A1-15 150 ns 260 ns 145 ns 





MC-411000A1 
1,048,576 x 1-BIT 
DYNAMIC NMOS RAM MODULE 


Pin Configuration 








83-003474A 


Pin Identification 


No. Symbol Function 

1, 22 GND Ground 

2,21 Voc Power supply (+5.0 V) 
3, 9, 14, 19 RASg-RAS3 Row address strobes 
4 Dour Data output 

5, 6, 10-12, Ao-Ag Address inputs 

15, 16, 18, 20 

7 Din Data input 

8 WE Write enable 

13 CAS Column address strobe 
17 NC No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND —1.0 to+7.0V 
Operating temperature, Topp, ambient 0 to +70°C 
Storage temperature, TsTg —55 to +85°C 
Short circuit output current, Ios 50 mA 
Power dissipation, Pp 1.0 W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Block Diagram 





83-003475B 





























Capacitance 
Ta = 0 to +70°C, Voc = 5.0 V + 10%, f = 1 MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cia 40 pF Ao-As, DIN 
Input capacitance Cir 15 pF RASp-RAS3 
Input capacitance Ciw 50 pF WE 
Input capacitance Cic 50 pF CAS 
Output capacitance CoutT 50 pF Dout (Note 1) 
Note: esa = —- 
(1) CAS = Vy to disable Doyt 
DC Characteristics 
Ta = 0 to +70°C; Voc = 5 V £10%, GND =O0V 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Vec 45 5.0 55 Vv 
Input high voltage Vin 24 5.5 V 
Input low voltage VIL —1.0 0.8 V 
Standby current lec2 20.0 mA RAS = Vin, Dot = High-2 
Input leakage current li —40 40 pA For Ag-Ag, Din, CAS, WE; 

Vin = 0 to 5.5 V; other pins =0 V 
eS leakage current, IIL (RAS) —10 10 WA Vin = 0 to 5.5 V; untested RAS 
input pins = Vip; other pins = 0 V 

Output leakage current lot —40 40 uA Doyt disabled, Voy =0 to 5.5 V 
Output low voltage VoL 0 0.4 V lout = 4.2 mA 
Output high voltage Vou 2.4 Vec V louT=—9 MA 
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AC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V 10% 






































Limits 
MG-411000A1-12 MC-411000A1-15 Test 

Parameter Symbol Min Max Min Max Unit Conditions 

min, other three RAS inputs = Vjy (Note 5) 
Operating current, lec3 80 68 mA One RAS input cycling, CAS = Vin, tac = tre 
refresh mode, average min, other three RAS inputs = V\y (Note 5) 
Operating current, loca 60 50 mA One RAS input =ViL, CAS cycling, tpg = tpc 
page mode, average min, other three RAS inputs = Vjy (Note 5) 
Operating current, CAS before —_ Ics 83 71 mA One RAS input cycling, CAS = Vi, tac = tac 
RAS refresh mode, average min, other three RAS inputs = Viy (Note 5) 
Random read or tro 220 260 ns (Note 6) 
write cycle time 
Read-write cycle time trwe 265 310 ns (Note 6) 
Page mode cycle time tpc 120 145 ns (Note 6) 
Refresh period tper 4 4 ms 
Access time from RAS trac 120 _ 150 ns (Notes 7, 8) 
Access time from CAS tcac 60 75 ns (Notes 7, 9) 
Output buffer turn-off delay torr 0 30 0 35 ns (Note 10) 
Transition time (rise and fall) tr 3 50 3 50 ns (Note 4) 
RAS precharge time tap 90 100 ns 
RAS pulse width tras 120 10000 150 10000 ns 
RAS hold time tasH 60 75 ns 
CAS pulse width tcas 60 10000 75 10000 ns 
CAS hold time tesu 120 150 ns 
RAS to CAS delay time taco 25 60 25 75 ns (Note 11) 
CAS to RAS precharge time tcrP 10 10 ns (Note 12) 
CAS precharge time tcpn 25 25 ns 
(non-page mode) 
CAS precharge time top 50 60 ns 
(page mode) 
RAS precharge CAS hold time —_trpc 0 0 ns 
Row address setup time tasr 0 0 ns 
Row address hold time tRAH 15 15 ns 
Column address setup time tasc 0 0 ns 
Column address hold time tcaH 20 25 ns 
Column address hold time tar 80 100 ns 
referenced to RAS 
Read command setup time trcs 0 0 ns 
Read command hold time. . trRH 20 20 ns (Note 13) 
referenced to RAS 
Read command hold _ trcH 0 0 ns (Note 13) 
time referenced to CAS 
Write command hold twcou 30 40 ns 
time 
Write command hold __ twer 90 115 ns 


time referenced to RAS 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Vog = 5.0 V £10% 











Limits 

MG-411000A1-12 MC-411000A1-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Write command pulse twe 20 25 ns 
width 
Write command to RAS taWL 40 45 ns 
lead time 
Write command to CAS towL 40 45 ns 
lead time 
Data-in setup time tps 0 0 ns (Note 14) 
Data-in hold time tou 30 40 ns (Note 14) 
Data-in hold time_ tpyR 90 115 ns 
referenced to RAS 
Write command setup twes 0 0 ns (Note 15) 
time 
CAS to WE delay towp 60 75 ns (Note 15) 
RAS to WE delay trwo 120 150 ns (Note 15) 
CAS setup time for CAS tcsr 10 10 ns (Note 16) 
before refresh 
CAS hold time for CAS tcHR 30 30 ns (Note 16) 
before RAS refresh 
Note: 


(1) All voltages referenced to GND. 


(2) An initial pause of 100 us is required after power-up, followed by any 8 RAS cycles on each RAS input before proper device operation is 
achieved. 


(3) AC measurements assume ty = 5 ns. 
(4) Vin (min) and Vi, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj, and Vj. 
(5) Ioc1 'ecs, loca, and Iocs depend on output loading and cycle rates. Specified values were obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load =2TTL (—1 mA, +4 mA) loads and 100 pF (Voy = 2.0 V, Voy = 0.8 V). 


(8) Assumes that tacp Strcp (max). If tacp is greater than the maximum recommended value in this table, trac increases by the amount that 
tacp exceeds the value shown. 


(9) Assumes that tacp = tacp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo_- 


(11) Operation within the tacp (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than tacp (max), access time is controlled exclusively by tcac. 


(12) The tcrp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tary or tacH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos; tewp. and tawp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos = twcs (min), the cycleis 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If towp = tcwp (min) and tawp = tawp (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, the 
condition of the data out (at access time and until CAS returns to Vj) is indeterminate. 


(16) CAS before RAS operation is specified. Refresh operations can be performed on all four vPD41256Ls simultaneously by the use of CAS 
before RAS refresh cycles or RAS-only refresh cycles. All other operations require that only one of the RASg-RASz3 inputs is in the active 
state. 
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Timing Waveforms (cont) 
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NEC MC-411000A1 


Timing Waveforms (cont) 
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NEC 


DYNAMIC RAMs 5 


DYNAMIC RAMs 
Section 5 — Dynamic RAMs Page 
uPD4164 65,536 x 1-Bit Dynamic NMOS RAM ............. cece cence ceeeceeee ees 5-1 
HPD4265 65,536 x 1-Bit Dynamic CMOS RAM ...........c sec cee cee cee eeeeenaees 5-5 
uPD41256 262,144 x 1-Bit Dynamic NMOS RAM ........... cece eceeeeeeseecenees 5-11 
uPD41257 262,144 x 1-Bit Dynamic NMOS RAM ........... cece eceeecneeeeeenees 5-21 
uPD41416 16,384 x 4-Bit Dynamic NMOS RAM .............sceccccccccceeeeeeees 5-29 
uPD41464 65,536 x 4-Bit Dynamic NMOS RAM ............ cece ecee cee ceneeees 5-35 
uPD411000 1,048,576 x 1-Bit Dynamic NMOS RAM .......... 0. cece cence cence eeees 5-43 
uPD411001 1,048,576 x 1-Bit Dynamic NMOS RAM .............ecee eee e sence ee ee 5-51 
uPD414256 262,144 x 4-Bit Dynamic NMOS RAM ............0eceec eens eee cen renee 5-61 
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NEC rosso 
65,536 x 1-BIT 

NEC Electronics Inc. DYNAMIC NMOS RAM 
Revision 4 





Description 

The NEC PD4164 is a 65,536-word by 1-bit dynamic 
N-channel MOS Random-access Memory (RAM) designed 
to operate from a single + 5V power supply. The negative- 
voltage substrate bias is internally generated providirig both 
automatic and transparent operation. 

The PD4164 utilizes a three-poly, N-channel, silicon-gate 
process which provides high storage cell density, high perfor- ° 
mance, and high reliability. 

The PD4164 uses a single transistor dynamic storage cell 
and advanced dynamic circuitry throughout, including the 512 
sense amplifiers, which assure that power dissipation is mini- 
mized. Refresh characteristics have been chosen to maximize 
yield at a low cost to the user while maintaining compatibility 
between dynamic RAM generations. 

The .PD4164 three-state output is controlled by CAS, inde- 
pendent of RAS. After a valid read or read-modify-write cycle, 
data is held on the output by holding CAS low. The data-out_ 
pin is returned to the high impedance state by returning CAS 
to a high state. The .PD4164 hidden refresh feature allows 
CAS to be held low to maintain output data while RAS is used 
to execute RAS-only refresh cycles. 

Refresh is accomplished by performing RAS-only refresh 
cycles, hidden refresh cycles, or normal read or write cycles 
on the 128-address combinations of A, through A, during a 
2ms period. 

Multiplexed address inputs permit the 1.PD4164 to be pack- 
aged in the standard 16-pin dual-in-line package. The 16-pin 
package provides the highest system bit densities and is com- 
patible with widely available automated handling equipment. 


Features 

C) 65,536 x 1-bit organization 

(1 High memory density 

LJ Multiplexed address inputs 

1 Single + 5V power supply 

(] On-chip substrate bias generator 

() Low power dissipation: 27.5mW max (standby) 
(wPD4164-10); 330mW.(active); 27.5mW (standby) 

L] Three-state, TTL-compatible, nonlatched output 

CL] Read, write, read-write, read-modify-write, RAS-only 
refresh, and page mode capability 

( Allinputs TTL-compatible, and low input capacitance 

L] 128 refresh cycles (Ay—Ag pins for refresh address) 

C) CAS-controlled output allows hidden refresh 

L) Available in a plastic 16-pin package 

CL) 4 performance ranges: 


RMW Cycle 











Device Access Time R/W Cycle 
»PD4164-10 100ns 200ns 230ns 
»PD4164-12 120ns 230ns 245ns 
pPD4164-15 150ns 260ns 280ns 
»PD4164-20 200ns 330ns 345ns 





Pin Configuration 





























Pin Identification 
Pin 
No. Symbo! Function 
1 NC No connection 
2 Dn Data input 
3 WE Write enable 
4 RAS Row address strobe 
“set Ag-A; Address inputs 
8 Vee +5V power supply 
14 Dout Data output 
15 CAS Column address strobe 
16 GND Ground 





Absolute Maximum Ratings* 


Operating Temperature, Topr 0°C to + 70°C 














Storage Temperature, Tst, (Plastic Package) —55°C to + 125°C 
Supply Voltages On Any Pin except Vcc —1Vto +7V® 
Supply Voltage, Vcc -0.5Vt0 +7V® | 
Short-circuit Output Current 50mA 





Power Dissipation, Pp 1W 
Note: © Relative to GND. 





* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage: The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 





uPD4164 




































































DC Characteristics 
Ta = O°C to + 70°C ©3 Voc = +5V + 10%; GND = OV 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Supply Volta Vec 45 5.0 5.5 Vv 
did sid GND 0 0 0 Vv 
BA All voltages 
High-level Input Volt- 
age, (RAS, CAS, WE) Vic 24 55 v referenced to GND 
High-level Input 
Voltage, AllInputs = Vy 24 55 Vv 
except RAS, , Aan 
Low-level Input _ 
Voltage, Allinputs Vit 1.0 08 Vv 
Operating Current 
Average Power uPD4164-20 | 45 
Supply Operating \ p»PD4164-15 50 © 
arenas, wont : 
cling; tac = eS. 
tae (min) ane HPD4164-10 60 
Standby Current 
Power Supply / 
tandby 
Current loca 5.0 mA 
(RAS = Vines Dour 
= High-impedance) 
Refresh Current p 45 
Average Power lethal etd 
Supply Current, ; pPD4164-15 40 = © 
Refresh Mode; _ °°. pp 4164-12 45 
RAS Cycling, CAS = : ber 
Vines tac = tac (min) 2PD4164-10 45 
Page Mode Current ; 
Average Power 4PD4164-20 35 
_ ‘Supply Current, a 
: Page Mode \ »PD4164-15 40 a ® 
op ag So* |. pD4164-12 45 
GAS Cyeling »PD4164-10 45 
tec = tac (min) 
Input Leakage 
Current (any input); 
Vin = OVto +5.5V; lia ~10 10 pA 
All Other Pins Not 
Under Test = 0V 
Output Leakage 
Current Douz is a 
Disabled, Vor = 'O4) 10 10 pA 
OV to +5.5V 
Output Levels High- 
fevel Output Voltage 
(loyr = SmA) Vou 24 Veo OV 
Low-level Output Vor 0 0.4 Vv 
Voltage (lour = 
4.2mA) 





Notes: © T, is specified here for operation at frequencies to tag = tac (min). Operation at higher 
cycle rates with reduced ambient temperatures and high power dissipation is per- 
missible, however, provided AC operating parameters are met. 
loc log and I¢g4 depend on output loading and cycle rates. Specified rates are obtained 











with the output open. 
Capacitance 
Ta = 0°C to + 70°C; Voc = +5V + 10%; GND = OV 
__Limits_ Test 
Parameter Symbol Min Typ Max Unit Conditions 
input Capacitance 
(Ao= Ar), Diy oa i“ al 
Input Capacitance 
RAS, CAS, WE Ce ae ad 
Output Capacitance c 7 F 
Drout) bs , 
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AC Characteristics 
Ta = OC to +70°C 0; Veg = +5V + 10%; GND = OV ® © © 
Limits 


4164-20 4164-15 4164-12 4164-10 
Min Max Min Max Min Max Min Max Unit Notes 





Parameter Symbol 


230 200 ns ® 





245 230 “ns «6 





tec 190 145 130 110 ns © 





200 150 © @ 





®®@ 











tap 120 100 90 90 ns 








tasH 100 75 60 50 ns 





075 10 .06 10 05 10 us 


120 100 ns 





Precharge 
Time (for top 80 60 60 50 ns 





tapc 0 0 0 0 ns 





tasr 0 0 0 0 ns 





tran 20 15 15 10 ns 





tasc 0 0 0 0 ns 





toan 30 25 20 15 ns 





130 100 80 65 ns — 





tacs 0 0 0 0 ns 





trrH 25 20 20 20 rn © 





u.PD4164 





AC Characteristics (Cont.) 
Ta = 0°C to + 70°C 0; Veg = +5V + 10%; GND = OV ® © © 


Limits 


4164-20 4164-15 4164-12 4164-10 


Min Max Min Max Min Max Min Max 

















Parameter Symbol 


Read 
Command 
Hold Time 





tach 0 0 0 0 rn =@ 





& 
& 
8 
3 


twon 55 





twen 185 120 95 80 ns 





























tewo 55 45 40 40 rn @® 





a tawo 130 120 100 90 na =6@® 





Notes: @ T, is specified here for operation at frequencies to tac = tac (min). Operation at higher 
cycle rates with reduced ambient temperatures and higher power dissipation is permissi- 
ble, however, provided AC operating parameters are met. 

® Aninitial pause of 100p i is required after power-up followed by any 8RAS cycles before 

proper device operation is achieved. 
AC measurements assume tr = Sns. 

® Viric (min) or V;,4 (min) and Vj), (max) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vj4¢ OF V), and Vi)... 

® The specifications for tac (min) and tayc (min) are used only to indicate cycle times at 
which proper operation over the full temperature range (T, = 0°C to + 70°C) is assured. 

© Assumes that tacs = taco (Max). If tags is greater than the maximum recommended value 
shown in this table, taac will increase by the amount that tacp exceeds the values shown. 

@ Measured with a load equivalent to 2 TTL loads and 100pF 

Assumes that taco = tac (max). 

® torr (max) defines the time at which the output achieves the open-circuit condition and is 
not referenced to output voltage levels. 

@ Operation within the tacp (max) limit ensures that trac (max) can be met. taco (max) is 
specified as a reference point only. If tacp is greater than the specified tacp (max) limit, 
access time is controlled exclusively by toac. 

@ Either tany OF tacy must be satisfied for a read cycle. 

‘These parameters are referenced to CAS leading edge in early write cycles and toWRITE 
leading edge in delayed write or read-modify-write cycles. 

® twes, towo 2Nd tawp are restrictive operating parameters in read-write, and read-modity- 
write cycles only. If twos =twos (min), the cycle is an early write cycle and the data output 
will remain open circuit throughout the entire cycle. If toewp = town (min) and tawp = tawp 
(min), the cycle is a read-write and the data output will contain data read from the selected 
cell. If neither of the above conditions is met the condition of the data-out (at access time 
and until CAS goes back to Vj.) is indeterminate. 
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NEC 


NEC Electronics Inc. 


uPD4265 
65,536 x 1-BIT 
DYNAMIC CMOS RAM 


Revision 1 





Description 


The NEC uPD4265 is a 65,536-word by 1-bit dynamic 
CMOS Random Access Memory (RAM) designed to 
operate from a single +5 V power supply. The 
negative voltage substrate bias is generated internally 
providing automatic and transparent operation. 

The unique construction of the »PD4265 allows for an 
extremely low standby power device that incorporates three 
user-selected, self-refresh standby modes. The device can 
accomplish RAS-only refresh. Also, by utilizing the pin 1 
refresh function, it can perform automatic pulsed refresh or 
hidden auto pulsed refresh which makes use of the internal 
refresh address generator. 


Features 

[] 65,536-word x 1-bit organization 

High memory density: 16-pin plastic DIP 
Single +5V + 10% power supply 

Control on pin 1 for automatic and self refresh 
Multiplexed address inputs 

Fully TTL-compatible including clocks 
Three-state output 

Read, write, RMW, RAS-only refresh, page mode, latched 
pulse, pulse and self-refresh capabilities 
CAS-controlled output allows hidden refresh 
2 performance ranges: 





OOOOOOO 








OO 








Device trac teac tric Power 
u.PD4265C-20 200ns 100ns 335ns_ =: 193mW 
4.PD4265C-25 250ns 125ns 410ns = 165mW 

L] Cycle time: R/W, 335ns min 
CL] Low power dissipation 


- 35mA max (operating) —— 

— 1.0mA max (standby, RAS = CAS = V,,,) 

0.5mA max (standby, RAS = CAS = V,),) 
— 200uA max (self-refresh 1,T, = O°C to + 70°C) 
— 100,A max (self-refresh 2, T, = 0°C to +45°C) 
— 50pA max (self-refresh 3,T, = 0°C to +25°C) 

(According to Figure 1.) 
L] 128 refresh cycles 





Pin Configuration 





Pin Identification 





























Pin 
No. Symbol Function 
1 RFSH Refresh 
2 Dw Data-in 
3 WE Write Enable 
4 RAS Row Address Strobe 
nee Ay—-A, Address Inputs 
5-7, Ag“ A Refresh Addresses 
10-13 one 
8 Voo +5V Power Supply 
14 Dour Data-out 
15 CAS Column Address Strobe 
16 GND Ground 








Absolute Maximum Ratings* 


Voltage on any Pin Relative to Ground, Vio —1.0V to +7.0V 
Operating Temperature, Top+ (Ambient) 0°C to + 70°C 
Storage Temperature, Tstq (Ambient) ~ 55°C to + 125°C 
Short-circuit Output Current, los 50mA 


Power Dissipation, Pp 1wW 

















* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 








Capacitance 
Ta = 25°C; f = 1MHz 
eeeee meee Test 
Parameter Symbol Min Typ Max Unit Conditions 
Address, Data-in Cc, 5 pF 
RAS, CAS, WE,RFSH Cy 8 pF 
Output Co 7? pF 
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DC Characteristics AC Characteristics (Cont.) 
Ta = 0°C to + 70°C; Vop = 5V + 10% Ta = O°Cto + 70°C; Vop = 5V + 10% 
Limits oe Read, Write, RMW, RAS-only Refresh Cycles 
Parameter Symbol Min Typ Max Unit Conditions Limits 
Supply Voitage Voo 45 5.0 §.5 v All Voltages ; 4265-20 4265-25 Test 
High-level Input Voltage Vi, 2.4 5.5 Vv Referenced Parameter Symbol Min Max Min Max Unit Conditions 
Low-level Input Voltage Vi, -1.0 08 vy _ toGround Write Command Hold Time, a ‘ee - 
Vop Supply Current ; 10 ma HAG x ChE av, Referenced to RAS WCR 
Standby ba : is Write Command Pulse Width twp 55 65 ns 
Standby (Output- RAS Write Command to 
enable) Ipps 1.0 mA RAS = Viq AAS Lead Time tawe 55 65 ns 
Standby lope 0.5 mA __ RAS = CAS = Vop Write Command to : 3 ie 7 
Selt-retresh 1 ' 200 wa BAS = CAS = Vy CAS Lead Time ewe 
(Ty = O°Cto +70°C) 908 WE = Vin Data-in Set-up Time tos 0 0 ns 
Self-retresh 2 RAS = CAS = Viyi Data-in Hold Time t 55 65 ns 
(T, = 0°C to +45°C) —'os 1000 PA OWE=M DH 
<= Data-in Hold Time_ t 155 190 ne 
CAS = GND; Referenced to RAS OHA 
Selt-refresh 3 lopto ® RAS = Vi; 
WE = Vpp/GND Refresh Period ter 2 2 ons 
Input Leakage Current Ia) -10 10 pA WE Command Set-up Time __twes ~10 = 10 ns 
Output Leakage Current fo 10 10 A CAS to WE Delay town 80 106 ns 
Output Low Voltage Vo. 0 04 V— Io = 4.2mA RAS to WE Delay tawo 180 235 ns 
Output High Voltage Vou 2.4 Voo low = —SmA Page Mode Cycle 
Note: © According to Figure 1. p= 
sia 4265-20 4265-25 Test 
AC Characteristics Parameter Symbol Min Max Min Max Unit Conditions 
Ta = 0°C to + 70°C; Vop = SV + 10% Read or Write Cycle Time tec 190 260 ns 
Read, Write, RMW, RAS-only Refresh Cycies Read Modify Write Cycle Time tcpy 230 280 ns 
Limits CAS Precharge Time top 80 100 ns 
RAS Pulse Width t 200 10000 25010000 ns 
see _ eee Test TAS Pulse Width ae 100 10000 125 10000 ns 
Parameter Symbol Min Max Min Max Unit Conditions ue ad 
Vop Operating Current lop: 35 30 mA Pulse Refresh Cycle (Latched Pulse Refresh) 
Voo RAS-only 
Refresh Current ‘ops 30 Zain ein 
Vpp Page Current lops 20 17. mA ; 4265-20 4265-25 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Random Read or t 335 410 iia 
Write Cycle Time AC Vop Pulse Refresh Current Ipo7 25 20 mA 
Read, Write Cycle Time trwe 370 465 ns Pulse Refresh Cycle Time tee 335 410 ns 
Access Time from RAS trac 200 250 ns RAS to RFSH Delay taro 120 150 ns 
Access Time from CAS toac 100 125 ons RFSH Pulse Width tras 80 1000 80 1000 ns 
Output Buffer Turn-off Delay — tor 0 50 0 60 ns RFSH Precharge Time tep 120 120 ns 
Transition Time tr 3 50 3 60 ns RFSH to RAS Delay tesr 30 30 ns 
(Rise and Fall) 
RFSH before RAS t 365 445 ne 
RAS Precharge Time tre 120 150 ns Set-up Time FeR 
RAS Pulse Width tras 200 10000 250 10000 ns RAS to RFSH Delay 
terd 80 80 ns 
RAS Hold Time tas 100 125 ns (Latched Pulse) 3 
== RAS to RFSH Set-up 
CAS Pulse Width toas 100 10000 125 10000 ns (Latched Pulse) tars 455 560 ns 
CAS Hold Time tosw 200 250 ns 
RAS to CAS Delay Time then 30 100° 35 125° ns Self-refresh Cycle 
CAS to RAS Precharge Time _tcrp 0 0 ns Limits 
jae pablo tan 30 35 ns 4265-20 4265-25 Test 
—— Parameter Symbol Min Max Min Max Unit Conditions 
RAS Precharge t 0 0 ————__ 
CAS Hold Time RPC ne RAS to RFSH Delay taro 120 150 ns 
Row Address Set-up Time _tasp 0 tt) ns RFSH Pulse Width teas 8000 8000 ns 
Row Address Hold Time tran 20 25 ns RFSH to RAS Delay ters 365 445 ns 
Column Address Set-up RAS Hold Time teRH 8000 8000 ns 
Ti tase 0 0 ns = 
me RAS to RFSH Set-up Time tasF 0 0 ns 
Column Address Hold Time tan 55 65 ns RFSH to CAS Delay teco 0 1000 0 1000 ns 
Column Address Hold Time RFSH to WE Dela’ t 0 1000 0 1000 ns 
Referenced to RAS tar 86 190 ns eS ee et ~~ 
Read C dSe-uTi , ; - RFSH to CAS Set-up Time tres 0 0 ns 
— omar ] on me _trcs = RFSH to WE Set-up Time tews 0 0 ns 
lead Com 0 == 
Raferericed | ree r me tary 25 30 ns CAS to WE Set-up Time tewes 0 0 ns 
Read Command Hold Time WE Pulse Width tewe 1 1 bs 
ran tacu 0 0 ns = 
Referenced to CAS WE Pulse Cycle Time tewe ® @ us 
Write Command Hold Time — ttwoy 55 65 ns Note: @ According to Figure 1. 





uPD4265 





Figure 1. Ipp10 VS. tewc VS. Ta 
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Timing Waveforms 


Read Cycle RAS-only Refresh Cycle 
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Page Mode Read Cycle 
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Page Mode Write Cycle (Early Write) 
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NEC 


Timing Waveforms (Cont.) 
Hidden Refresh Cycle 














 pPD4265 


Self-refresh Cycle 3 
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Note: © Needs CMOS level. 


Hidden Automatic Pulse Refresh Cycle 














Latched Pulse Refresh Cycle 


Memory Cycle Refresh Cycle Refresh Cycle Refresh Cycle 
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NEC uPD41256 
262,144 x 1-BIT 


NEC Electronics Inc. DYNAMIC NMOS RAM 
Revision 1 

Description Performance Ranges 

The »PD41256 is a 262,144-word by 1-bit dynamic N- pony teh pails 

channel MOS RAM designed to operate from asingle _pevice (Max) (Min) (Min) 


+5 V power supply. The negative voltage substrate bias 


; ‘ : pPD41256-12 120ns 220ns 265 ns 
is automatically generated internally. 


uPD41256-15 150ns 260 ns 310 ns 
The uPD41256 offers a direct upgrade from the 64K = ~~] eee 
PD41256-20 200 330 390 
pPD4164 achieving a four-fold increase in bit density at Ee ee 


the board level. 


Pin Configurations 
The pPD41256 utilizes double poly layer N-channel 9 


silicon-gate processing which provides for high storage 16-Pin Plastic DIP 
cell density, high performance, and high reliability. 


The pPD41256 utilizes a single transistor dynamic stor- 
age cell and advanced dynamic circuitry throughout, 
including the 1024 sense amplifiers, which ensures that 
power dissipation is minimized. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. The 
data output then is returned to the high impedance 
state by returning the CAS to the high state. The 
puPD41256 hidden refresh feature allows CAS to be held 
low to maintain output data while RAS is used to exe- 
cute RAS-only refresh cycles. 


83-001974A 





Refresh is accomplished by performing RAS-only re- 
fresh cycles, hidden refresh cycles, CAS before RAS re- 
fresh cycles, or normal read or write cycles on the 256 
address combinations of Ag-A7, during a 4 ms period. 


uPD41256 


Features 





262,144 x 1-bit organization 

High density packaging: DIP, PLCC, ZIP 
Multiplexed address inputs 

Single +5V, +10% power supply 83-0011114 
On-chip substrate bias generator 

Low power dissipation: 28 mW standby (max) 
Nonlatched output is three-state, TTL-compatible 
All inputs TTL-compatible, and low input 
capacitance 

256 refresh cycles (Ag-A7 pins for refresh address) 
Page mode operation 

RAS-only refresh, hidden refresh, and CAS before 
RAS refresh cycles (see Note 16) 





OOOO0Oo0 
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Pin Indentification 

Plastic DIP Plastic ZIP 

No. + Symbol = || Function | Wo, Symbol 

1,5-7,9-13  Ag~Ag ~ Address inputs 1,5, 9-11, Ag-Ag 

2 DN ~~ Data input ie 

3 WE Write enable input 2 Dour 

4 RAS Row address strobe 8 CAS 

8 Voc +5 V power supply input 4 GND 

14 Dour Data output ° ON 

15 CAS Column address strobe input i WE 

16 GND Ground : RAS 
12 Vec 

Plastic PLCC 

No. Symbol Function 

1, 6-8 Ao~Ag Address inputs 

10-13, 15 

2 Din Data input 

3 WE Write enable input 

4 RAS Row address strobe 

5,14 © NC No connection 

9 Voc +5 V power supply input 

16 DoutT Data output 

17 CAS Column address strobe input 

18 GND Ground 

Block Diagram 


RAS Clock 
Generator 


| Be CAS Clock 
Generator 


WE Clock 


CAS betore RAS Generator 


Internal 
Refresh 


== Data I/O Bus 
Sense Amplifier 


Memory Array 


Refresh 
Address 
Counter 


Address Buffer 
Row Decoder | 
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NEC 


Function 
Address inputs 


. Data output 


Column address strobe input 
Ground 

Data input 

Write enable input 

Row address strobe 

+5 V power supply input 


Data-in 
Buffer 


Data-out 
Buffer 


NEC 


uPD41256 
Absolute Maximum Ratings Capacitance 
= = (1) OF or —_ 6, =- 
Power supply voltage, Voc ~1.0Vt0 +7.0V Ta =0°C to +70°C, Veco = 5.0 V + 10%, f = 1.0 MHz 
Operating temperature, Ta (ambient) 0 to 70°C ge Test 
Parameter Symbol Mi Mi Unit Conditi 

Storage temperature, Tstg —55 to 150°C cise = a = . bash 
Se ai a eS ee ae Input Ci 5 pF  Ag-Ag, Din 
Power dissipation, Pp 1W capacitance 
Short-circuit output current, Ios 50mA input Cis 8 pF RAS, CAS, WE 

. : P : capacitance 
Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The deviceis Output Court 7 pF Dour 
not meant to be operated under conditions outside the limits de- capacitance 


scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


DC Characteristics 
Ta =0°C to 70°C, Vog =5V + 10%, GND =0V 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Standby supply Ieca 5.0 mA RAS=Viq, 
current Doyt =High 
impedance 
Inputleakage = Ii) -10 10 vA Vin=O0V105.5V, 
current all other pins not 
under test=0V 
Output leakage Iq)  —10 10 vA Dour is disabled, 
current VouT=0V 
to5.5V 
Output voltage = Vo, 0 0.4 Vo loyt=4.2mA 
low 
Output voltage Voy 2.4 Vec Vs lout=—-5mA 
high 
Supply voltage Voc 45 5.0 5.5 V 


Supply voltage GND 0 0 0 V 


Input voltage = Vi. -1.0 0.8 V 


low 


Input voltage  V 
high 


Ho.4 55 CV 
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AC Characteristics (Notes 2, 3, 4) 
0°C< Ta < 70°C, Veo =5V + 10% (Note 1) 








Limits 
uPD41256 uPD41256 uPD41256 
-12 -15 -20 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Operating supply current, average cet 83 70 60 mA RAS, CAS cycling, 
trc=tac min, 
(Note 5) 
Operating supply current, refresh mode, tcc3 65 55 50 mA RAS cycling, 
average CAS =Vjn, 
tro=trc min, 
(Note 5) 
Operating supply current, page mode —lacg 60 55 50 mA RAS =Vi, 
operation, average CAS cycling, 
~ tpc=tpc min, 
(Note 5) 
Random read or write cycle time tro 220 260 330 ns (Note 6) 
Read-write cycle time tawc 265 310 390 ns (Note 6) 
Page mode cycle time tpc 120 145 190 ns (Note 6) 
Access time from RAS trac 120 150 200 ns (Notes 7, 8) 
Access time from CAS toac 60 75 100 ns (Notes 7, 9) 
Output buffer turn-off delay torr 0 30 0 35 0 45 ns (Note 10) 
_ Transition time, rise and fall tr 3 50 3 50 3 50 ns (Note 4) 
RAS precharge time trp 90 100 120 ns 
RAS pulse width tras 120 10,000 150 10,000 200 10,000 ns 
RAS hold time trsH 60 75 100 ns 
CAS pulse width tons 60 10,000 75 10,000 100 10,000 ns 
CAS hold time tes 120 150 200 ns 
RAS to CAS delay time trcp 25 60 25 75 30 100 ns (Note 11) 
CAS to RAS precharge time tcrP 10 10 10 ns (Note 12) 
CAS precharge time, non-page cycle —tepy 25 25 30 ns 
CAS precharge time, page cycle top 50 60 80 ns 
RAS precharge CAS hold time tapc 0 0 0 ns 
ROW address setup time tasr 0 0 0 ns 
ROW address hold time tRAH 5 6 20 ns 
Column address setup time tasc 0 0 0 ns 
Column address hold time toaH 20 25 30 ns 
Column address hold time referenced to tar 80 100 130 ns 
RAS 
Read command setup time tres 0 0 0 ns 
Read command hold time referenced to tary 20 20 25 ns (Note 13) 
RAS 
Read command hold time referencedto —tacy 0 0 0 ns (Note 13) 
CAS 
le oe 2 ee 
Write command hold time twcH 30 40 50 ns 
Write command hold time referenced to twor 90 115 150 ns 
Se ee nn i 8 a 
Write command pulse width twp 20 25 30 ns 
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AC Characteristics (Notes 2, 3, 4) (cont) 
0°C< Ty < 70°C, Veg = 5 V + 10% (Note 1) 

















Limits 
uPD41256 uPD41256 uPD41256 
12 -15 -20 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Write command to RAS lead time tRWL 40 45 55 ns 
Write command to CAS lead time towL 40 45 55 ns 
Data-in setup time tos 0 0 0 ns _ (Note 14) 
Data-in hold time tou 30 40 50 ns (Note 14) 
Data-in hold time referenced to RAS toHR 90 115 150 ns 
Refresh period trer 4 4 4 ms 
WE command setup time twes 0 0 0 ns (Note 15) 
CAS to WE delay tewo 60 75 100 ns (Note 15) 
RAS to WE delay tawo 120 150 200 ns (Note 15) 
CAS set-up time for CBR refresh tosr 10 10 10 ns (Note 16) 
CAS hold time for CBR refresh tcHR 30 30 35 ns (Note 16) 
Notes: 
(1) All voltages referenced to GND. 
(2) An initial pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 


(3) AC measurements assume ty = 5ns. 
(4) Vip (min) and Vj, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vjq and V),. 
(5) loc1 log and Ioc4 depend on output loading and cycle rates. Specified values are obtained with the output open. 


(6) The minimum specifications are used only to indicate cycle time at which proper operation over the full temperature range (Ta = 0°C to 70°C) Is 
assured. 


(7) Load =2 TTL loads and 100 pF. 


(8) Assumes that tacp < tacp (max). If trop is greater than the maximum recommended value shown in this table, trac will increase by the amount 
that tacp exceeds the value shown. 


= 





(9) Assumes that tacp 2 tacp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and Is not referenced to Voy or VoL. 


(11) Operation within the tacp (max) limit insures that trac (max) can be met. tacp (max) is specified as a reference point only. If tagp is greater than 
the specified tacp (max) limit, then access time is controlled exclusively by tcac. 


(12) torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tray or tracy must be satisfied for a read cycle. 


(14) These parameters are referenced to CAS leading edge In early write cycles and to WE leading edge In delayed Write or Read-Modify-Write 
cycles. 


(15) twos; tewp; and tawp are restrictive operating parameters in Read-Write and Read-Modify-Write cycles only. If twos 2 twos (min), the cycle Is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If towp 2 towp (min) and tawp 2 tawp (min), the 
cycle is a Read-Write and the data output will contain data read from the selected cell. If nither of the above conditions are met, the condition of 
the data out (at access time and until CAS goes back to Vj) is Indeterminate. 


(16) P process code products do not have the CAS-Before-RAS Refresh feature. DIP products with process codes L or F and PLCC products with 
process code E have the CBR feature. On DIP products with process code P the externa! address Inputs are required In Hidden Refresh cycles 
and the address timing must satisfy tagp and tray, which are specified with respect to the RAS falling edge. 
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Timing Waveforms 


Read Cycle Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Page Mode Read Cycle 
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Timing Waveforms (cont) 


Page Mode Read-Write/Read-Modify-Write Cycle 
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Hidden Refresh Cycle (Process Code L, F, E) (Note 16) 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle (Process Code L, F,E) (Note 16) 


Vou — 
Vo. — 


Dout 


High impedance 


Note: 
[1] WE, Address: Don't Care. 


uPD41256 
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NEC 


NEC Electronics Inc. 


 - pPD41257 
262,144 x 1-BIT 
DYNAMIC NMOS RAM 


Revision 1 





Description 


The NEC uPD41 257 is a 262,144-word by 1-bit dynamic 
N-channel MOS random-access memory (RAM) de- 
signed to operate from a single +5 V power supply. The 
negative voltage substrate bias is automatically gen- 
erated internally. 


The uwPD41257 utilizes double polylayer N-channel 
silicon gate processing which provides for high storage 
cell density, high performance, and high reliability. 


The device also utilizes a single transistor dynamic 
storage cell and advanced dynamic circuitry through- 
out, including the 1024 sense amplifiers, which ensures 
that power dissipation is minimized. 


The three-state output is controlled by CAS inde- 
pendently of RAS. The device is capable of nibble 
mode operation on either read or write cycles by 
cycling CAS. 


Refresh is accomplished by utilizing a CAS before RAS 
cycle that will enable the internal generation of the 
refresh address. Refresh can also be accomplished 
using RAS-only refresh, hidden refresh, or normal read 
or write cycles on the 256 address combinations of 
Ao-A7, during a 4 ms period. 


Features 


O 262,144-word x 1-bit organization 

O High density plastic DIP and PLCC packaging 

[ Multiplexed address inputs 

LJ Single +5 V + 10% power supply 

LJ Nibble mode on read or write or read-modify-write 
cycles 

CO CAS before RAS internal address refresh mode 

1 Low power dissipation: 
—28 mW max (standby) 
—385 mW max (active, tac = 270 ns) 

LJ Non-latched output, three-state, TTL-compatible 

O All inputs TTL-compatible, and low input 
capacitance 

(1 256-cycle, 4 ms refresh (Ag-A7 pins for refresh 
address) 


Performance Ranges 


Device Access Time R/W Cycle RMW Cycle 


uPD41257-15 150 ns 270 ns 310 ns 


pPD41257-20 200 ns 335 ns 390 ns 








Pin Configurations 


Plastic DIP 


uPD41257 


83-003271A 


Plastic Leaded Chip Carrier (PLCC) 


~ 
a 
- 
zs 
e 
ES 





Vss 9 
Az [10 


Pin Identification 























Plastic DIP 

No. Symbol Function 

1, 5-7, 9-13 Ao-Ag Address inputs 

2 Din Data input 

3 WE Write enable 

4 RAS Row address strobe 

8 Voc Power supply (+5.0 V) 
14 Dout Data output 

15 CAS Column address strobe 
16 Vss Ground 
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Pin Identification (cont) 


Absolute Maximum Ratings 


Voltage on any pin relative to Vss —1.0 to+7.0V 
PLCC : 
Operating temperature, Tp 0 to +70°C 
No. Symbol Function 
Storage temperature, Tstg —55 to +150°C 
1, 6-8, 10-13, 15 Ag-Ag Address inputs — 
- Short-circuit output current 50 mA 
2 Din Data input OOS OC aug 
= - Power Dissipation, Pp 1W 
3 WE Write enable oe 
4 RAS a dd ou Comment: Exposing the device to stresses above those listed in 
OW Agaress: Sues Absolute Maximum Ratings could cause permanent damage. The 
5, 14 NC No connection device is not meant to be operated under conditions outside the 
9 V P | 50V limits described in the operational sections of this specification. 
ce ower supply (+5.0 V) Exposure to absolute maximum rating conditions for extended 
16 Dout Data output periods may affect device reliability. 
17 CAS Column address strobe ; w 
7 eraund Capacitance 
18 Ss roun Ta = 0 to +70°C; Vog = +5.0 V 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Ci 5 pF Ao-As, Din 
capacitance 
Input Clo 8 pF _ RAS, CAS, WE 
capacitance 
Output Co 7 pF Dour 


Block Diagram 


RAS Clock 
Generator 


CAS before RAS 


Internal 
Refresh 
Clock 


Refresh 


CAS Clock 
Generator 


capacitance 





WE Clock 
Generator 


Data 0 Bus 
Column Decoder 
Sense Amplifier 


Address 
Counter 


256 x 1024 
Memory Array 
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DC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V + 10%; Vgg = OV 





























Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Power supply standby current lece 5 mA RAS = Vin, Dout = high impedance 
Input leakage current Nt) —10 10 pA Any input Viy =0V to Vog, all other pins 
not under test = 0 V 

Output leakage current lot) —10 10 HA Doyt is disabled, Voyt = 0 to 5.5 V 
Output high (logic 1) voltage Von 2.4 Voc V lour = —5 mA 
Output low (logic 0) voltage Vo 0 0.4 V lout = 4.2 mA 
Supply voltage Voc 4.5 5.0 5.5 V 

Vss 0 0 0 V 
Input high (logic 1) voltage, Vin 2.4 5.5 V 
all inputs 
Input low (logic 0) voltage, VIL -1.0 0.8 V 
all inputs 
AC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V + 10% 

Limits 
vPD41257-15 uPD41257-20 Test 

Parameter Symbol Min Max Min Max Unit Conditions 
Standard Operation 
Average power supply lect 70 60 mA RAS, CAS cycling, tag = tac min 
operating current (Note 5) 
Average power supply Ioc3 60 55 mA RAS cycling, CAS = Vin, tac = tac min 
current, refresh mode (Note 5) 
Random read or write trc 270 335 ns (Note 6) 
cycle time 
Read-write cycle time tawc 310 390 ns (Note 6) 
Access time from RAS trac 150 200 ns (Notes 7, 8) 
Access time from CAS tcac 75 100 ns (Notes 7, 9) 
Output buffer turn-off torr 0 40 0 50 ns (Note 10) 
delay 
Transition time tt 3 35 3 50 ns (Note 4) 
(rise and fall) 
RAS precharge time trp 100 120 ns 
RAS pulse width tras 150 10,000 200 10,000 ns 
RAS hold time trsH 75 100 ns 
CAS pulse width tcas 75 10,000 100 10,000 ns 
CAS hold time tosH 150 200 ns 
RAS to CAS delay time trcp 30 75 35 100 ns (Note 11) 
CAS to RAS precharge tcrp 0 0 ns (Note 12) 
time 
CAS precharge time tcPn 30 35 ns 
RAS precharge CAS trec 0 0 ns 
hold time 
Row address set-up tasr 0 0 ns 
time 
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AC Characteristics (cont) 
Ta =0 to +70°C; Voc = 5.0 V + 10% 





Limits 

vPD41257-15 uPD41257-20 Test 
Parameter. Symbo! Min Max Min Max Unit Conditions 
Row address hold tray 20 25 ns 
time 
Column address set-up tasc 0 0 ns 
time 
Column address hold tcaH 45 55 ns 
time 
Column address hold_ taR 120 155 ns 
time referenced to RAS 
Read command set-up tacs 0 0 ns 
time 
Read command hold __ trRH 20 25 ns (Note 13) 
time referenced to RAS 
Read command hold _ trou 0 0 ns (Note 13) 
time referenced to CAS 
Write command hold twcH 45 55 ns 
time 
Write command hold _ twor 120 155 ns 
time referenced to RAS 
Write command pulse twe 45 55 ns 
width 
Write command to RAS —trwi 45 55 ns 
lead time 
Write command to CAS tow 45 55 ns 
lead time 
Data-in set-up time tps 0 0 ns (Note 14) 
Data-in hold time tpH 45 55 ns (Note 14) 
Data-in hold time. tpHR 120 155 ns 
referenced to RAS 
Refresh period tREF 4 4 ms 
WE command set-up twes 0 0 ns (Note 15) 
time 
CAS to WE delay tcwo 75 100 ns (Note 15) 
RAS to WE delay tawo 150 200 ns (Note 15) 
Nibble Mode Operation 
Average power supply lece 27 27 mA RAS = Vi, CAS cycling, tye = tye min 
current, nibble mode (Note 5) 
operation 
Nibble mode cycle time tne 70 100 ns (Note 6) 
Nibble mode access time _—tnac 35 50 ns (Note 7) 
Nibble mode precharge tne 25 40 ns 
time 
Nibble mode WE pulse tnwe 30 40 ns 
width 
Nibble mode CAS pulse _—tnas 35 50 ns 
width 
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uPD41257 

AC Characteristics (cont) 
Ta =0 to +70°C; Veg = 5.0 V + 10% 

uPD41257-15 uPD41257-20 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Nibble mode RAS hold tnRSH 35 50 ns 
time 
Nibble mode CAS to tncwo 35 50 ns 
WE delay 
Nibble mode WE to tncwL 35 50 ns 
CAS lead time 
CAS Before RAS Refresh Operation 
Average power supply —Iccq 60 55 mA RAS cycling, CAS = Viz, tac = tac min 
current, CAS before RAS (Note 5) 
refresh mode 
CAS set-up time for CAS —_tcsp 10 10 ns 
before RAS refresh 
CAS hold time for CAS —tcur 30 30 ns 
before RAS refresh 
Note: 


(1) An initial pause of 100 us is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 


(2) AC measurements assume ty = 5 ns. 

(3) Vi (min) and Vj, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj, and V),. 
(4) All voltages referenced to Vgg. ; 

(5) lect oes: loca, and Icce depend on output loading and cycle rates. Specified values are obtained with the output open. 





(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 


(Ta = 0 to +70°C) is assured. 


(7) Load = 2 TTL loads and 100 pF. 


(8) Assumes that tacp Stacp (max). If tacp is greater than the maximum recommended value in this table, trac increases by the amount that 


tacp exceeds the value shown. 
(9) Assumes that tacp = tacp (max). 


(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or VoL. 


(11) Operation within the tacop (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than tacp (max), access time is controlled exclusively by tcac. 


(12) The topnp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 


(13) Either tary or tacy must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 


read-modify-write cycles. 


(15) twos, tewp, and trwp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos=twcs (min), the cycle is 
an early write cycle and the data output pin will remain open circuit throughout the entire cycle. If towp = tcwp (min) and trwp = tawp 
(min), the cycle is a read-write cycle and the data output pin will contain data read from the selected cell. If neither of the above conditions ' 
is met, the condition of the data output pins(at access time and until CAS returns to Vit) is indeterminate. 
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Timing Waveforms 


Read Cycle RAS-Only Refresh Cycle 
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Timing Waveforms (cont) 


Nibble Mode Read-Modlify-Write Cycle CAS Before RAS Refresh Cycle 
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NEC 


NEC Electronics Inc. 


Description 


The pPD41416 is a 16,384-word by 4-bit dynamic N- 
channel MOS RAM designed to operate from a single 
+5 V power supply. The negative voltage substrate bias 
is internally generated; its operation is both automatic 
and transparent. The »PD41416 utilizes a double- 
polylayer, N-channel, silicon gate process which pro- 
vides high storage cell density, high performance, and 
high reliability. 


The pPD41416 uses a single transistor dynamic storage 
cell and advanced dynamic circuitry throughout, ensur- 
ing minimum power dissipation. Refresh is accom- 


plished by performing RAS-only refresh cycles, hidden . 


refresh cycles, or normal read or write cycles on the 128 
address combinations of Ag-Ag during the refresh per- 
iod of 2 milliseconds. 


Multiplexed address inputs permit the n.PD41416 to be 
packaged in a standard 18-pin dual-in-line package for 
high system bit density. 


Features 


OC) 16,384-word x 4-bit organization 

O Single +5V power supply +10% 

(] Standard 18-pin plastic package 

C) CAS, OE or early write mode to control Doyt buffer 

impedance 

CL] Low power dissipation, 

—Active (tac = min): 303 mW 

—Standby: 28 mW 

O Read, write, read-write, read-modify-write. RAS-only 
refresh, hidden refresh, and page mode capabilities 

C) 128 refresh cycles during 2ms period 





Performance Ranges 


Device tract 
pPD41416-12 120 ns 60ns 30 ns 
wPD41416-15 150 ns 75ns 40 ns 
ePD41416-20 200 ns 100 ns 50ns 





uPD41416 
16,384 x 4-BIT 
DYNAMIC NMOS RAM 


Revision 2 


Pin Configuration 


e 
tod 
s 
ood 
z 
a 
a 
2 


83-001775A 


Pin Identification 





No. Symbol Function 

1 OE Output enable 

2-3, 15, 17 1/04-1/04 Data input /output 

4 WE Write enable 

5 RAS Row address strobe 

6-8, 10-14 Ag-A7 Address inputs: 
Ag-As = Column address inputs 
Ao-Ag= Refresh address 
Ag-A7= Row address inputs 

9 Vec +5 V power supply 

16 CAS Column address strobe 

18 GND Ground 
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Block Diagram 






RAS Clock 
Generator 








CAS Clock 
Generator 





WE Clock 
Generator 










OE Clock 
Generator 
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Column Decoder 


Sense Amplifier 
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Data-out 
Buffer 










128 x 512 
Memory Array 
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Absolute Maximum Ratings DC Characteristics 
a A ay fer 
Voltage on any pin relative to GND -1.0V to +7.0V ed Stor 10" 
Storage temperature, Tstg —55°C to 125°C eel eee Test 
eee ood Pa 
Short-circuit output current, Ios 50mA rameter Symbol Min Typ Max Unit Conditions 
a ee I V 45 50 5. V 
Power dissipation, Pp 1.0W ar yvottage, Yoo : 
Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is ee voltage, GND . e y : 
not meant to be operated under conditions outside the limits de- _—__ 
scribed in the operational sections of the specification. Exposure to Standby supply I¢c2 5.0 mA RAS=Vip, 
absolute maximum rating conditions for extended periods may affect current Doyt=High 
device reliability. impedance 

. Inputleakage =I) —10 10 HA OV<Vin<Vec, 
Capacitance current all other pins not 
Ta =0°C to +70°C, Voc = 5.0V +10%; f = 1.0 MHz under test=0V 

Limits Test Output leakage Io)  —10 10 vA Dour is disabled, 
eS ea eo V<Voit< 

Parameter Symbol Min Typ Max Unit Conditions current 0 - Vea s 
—_—$—$—$<——$<$—————$—— +5. 
Input Cry 5 pF CGE SISET aE aR TRE" SSIS ERENT EG SS 
capacitance, Output voltage, Vo. 0 0.4 VV loyt=4.2mA 
address inputs low 
Input Cio 8 pF Output voltage, Von 2.4 Vs loyr=—-2mA 
capacitance, high 
strobe inputs input voltage, Vi -1.0 08  V 
Input /output Cy ¢ 7 pF low 
capacitance, Input voltage, = Viy 2.4 55 =2V 


data ports high 
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AC Characteristics (Notes 2, 3, 4) 


Ty =0°C to +70°C, Voog = 5.0 V + 10% (Note 1) 


Parameter 
Operating supply current, average 


Operating supply current, refresh mode, 


average 


Operating supply current, page mode 
operation, average 


Random read or write cycle time 
Read-write cycle time 

Page mode cycle time 

Access time from RAS 

Access time from CAS 

Output turn-off delay from CAS 
Transition time, rise and fall 
RAS precharge time 

RAS pulse width 

RAS hold time 

CAS pulse width 

CAS hold time 

RAS to CAS delay time 

CAS to RAS precharge time 
CAS precharge time, non-page cycle 
CAS precharge time, page cycle 
RAS precharge, CAS hold time 
Row address setup time 

Row address hold time 

Column address setup time 
Column address hold time 


Column address hold time referenced to 
RAS 


Read command setup time 


Read command hold time referenced to 
RAS 


Read command hold time referenced to 
CAS 


Write command hold time 


Write command hold time referenced to 
RAS 


Write command pulse width 





Write command to RAS lead time 
Write command to CAS lead time 
Data-in setup time 


Symbol 


lcct 


loc3 


loca 


tre 
tawe 
tec 
trac 
tcac 
torr 


trp 

tras 
tRSH 
tcas 
tcsH 
taco 
tcrP 
IcPN 


tac 
tASR 
tRAH 
tasc 
(CAH 
tar 


tacs 
tRRH 


tRCH 


tweuH 
twer 


twe 
tawL 
tow. 
tos 


yPD41416-12 


220 
300 
120 


120 


35 
95 


35 
40 
40 


Max 
55 


45 


45 


120 
60 
30 
50 
90 
10,000 


10,000 


60 


Limits 


uPD41416-15 


260 
355 
145 


150 
75 
ris) 
150 
25 
0 
25 


45 
120 


45 
45 
45 


Max 
50 


40 


40 


150 
75 
40 
50 
100 
10,000 


10,000 


75 


uPD41416-20 


330 
445 
180 


200 
100 
100 
200 
30 
0 
30 
70 
0 
0 
20 
0 
30 
130 


20 


55 
155 


55 
35 
95 


Max 
45 


35 


35 


200 
100 
50 
50 
120 
10,000 


10,000 


100 


Unit 
mA 


mA 


mA 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


uPD41416 


Test 
Conditions 


RAS, CAS cycling, 
tac=trc min, (Note 5) 


RAS cycling, 
CAS = Vin, tac=tac 
min, (Note 5) 


RAS=Vj, 
CAS cycling, tpp=tpc 
min, (Note 5) 


(Note 6) 
(Note 6) 
(Note 6) 
(Notes 7, 8) 
(Notes 7, 9) 
(Note 10) 
(Note 4) 





(Note 11) 
(Note 12) 


(Note 13) 


(Note 13) 


(Note 14) 
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uPD41416 N: f Cc 


AC Characteristics (Notes 2, 3, 4) (cont) 
Ta =0°C to +70°C, Voc = 5.0V + 10% (Note 1) 











Limits 
—poaiate-12_ppoata1e-18 _—_ppba1ai6-20 - 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Data-in hold time toy 35 45 55 ns (Note 14) 
Data-in hold time referenced to RAS tour 95 120 155 ns 

Refresh period tree 2 2 2 ms 

WE command setup time twes 0 0 0 ns 

CAS to WE delay towo 95 120 155 ns 

RAS to WE delay trwo 155 195 255 ns 

Access time from OE toca 30 40 50 ns 

Data delay time toep 30 40 50 ns 

OE command hold time toeH 0 0 0 ns 

Output turn-off delay from OE toEz 0 30 0 40 0 50 ns (Note 10) 


Notes: 
(1) All voltages referenced to GND. 


(2) An initial pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume ty = 5ns. 

(4) Vip4 (min) and Vj), (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj, and Vi. 
(5) loc loca and Iog4 depend on output loading and cycle rates. Specified values are obtained with the outputs open. 


(6) The minimum specifications are used only to indicate cycle time at which proper operation over the full temperature range (Ta = 0°C to 70°C) is 
assured. 


(7) Load =2 TTL loads and 100 pF. 


(8) Assumes that tacp < tacp (max). If tacp is greater than the maximum recommended value shown in this table, trac will increase by the amount 
that tacp exceeds the value shown. 


(9) Assumes that taco 2 trop (max). 
(10) tor (max) and togz (max) define the time at which the output achieves the open circuit condition and are not referenced to Voy or Vo_- 


(11) Operation within the tacp (max) limit insures that trac (max) can be met. tacp (max) is specified as a reference point only. If tagp is greater than 
the specified trop (max) limit, then access time is controlled exclusively by tcoac. 


(12) tonp requirement should be applicable for RAS, CAS cycles preceded by any cycle. 
(13) Either tap} or tacy must be satisfied for a read cycle. 
(14) These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read-modify-write cycles. 


N: KE Cc pPD41416 


Timing Waveforms 


Read Cycle OE-Controlled Write Cycle 


sb Fn 


D ee MM a 





Address 
We LLL =| Sys LLL LLL LL. 


Notes: 
WE = Don't Care. 
Az = Vin or Vit. 





Hidden Refresh Cycle 
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4+ ; Cg RL 
Data-out Date-i 
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Timing Waveforms (cont) 


Page Mode Read Cycle ; Page Mode Write Cycle (Early Write) 
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NEC Electronics Inc. 


Description 


The uPD41464 is a 65,536-word by 4-bit dynamic N- 
channel MOS random access memory (RAM) designed 
to operate from a single +5 V power supply. The nega- 
tive voltage substrate bias is generated internally; its 
operation is automatic and transparent. The uPD41464 
utilizes double polylayer N-channel silicon gate pro- 
cessing which provides high storage cell density, high 
performance, and high reliability. The device also uses 
a single transistor dynamic storage cell and advanced 
dynamic circuitry throughout, ensuring minimum 
power dissipation. 


The three-state I/O is controlled by CAS independently 
of RAS. After a valid read or hidden refresh cycle, data 
is held on the I/O by holding CAS low. The data I/O is 
returned to the high-impedance state by returning 
CAS high. The uPD41464 hidden refresh feature allows 
CAS to be held low to maintain output data while RAS 
is used to execute RAS-only refresh cycles. 


Refresh is accomplished by using CAS before RAS 
cycles, enabling the internal generation of the refresh 
address. Refresh can also be accomplished by using 
RAS-only refresh or normal read or write cycles on the 
256 address combinations of Ag-A7 during the 4 ms 
refresh period. 


Features 


0 65,536-word by 4-bit organization 
CL] Single +5 V + 10% power supply 
O Standard 18-pin DIP and PLCC packages 
C CAS before RAS internal address refresh mode 
O Multiplexed address inputs 
0 On-chip substrate bias generator 
C] Low power dissipation: 
— 28 mW (standby) 
— 440 mW (active, tac = tac min) 
O Non-latched TTL-compatible I/O 
O Low input capacitance 
CO 256 refresh cycles during 4 ms period 


Performance Ranges 


Device trac, tcc toe cc 


uPD41464-10 100 ns 50 ns 25 ns 80 mA 
uPD41464-12 120 ns 60 ns 30 ns 75 mA 
pPD41464-15 150 ns 75 ns 40 ns 70 mA 








yuPD41464 
65,536 x 4-BIT 
DYNAMIC NMOS RAM 


Revision 1 


Pin Configurations 


18-Pin DIP 


83-001968A 


18-Pin PLCC 


83-001969A 


Pin Identification 


No. Symbol Function 

1 OE Output enable 

2, 3, 15, 17 1/04-1/04 Data 1/0 

4 WE Write enable 

5 RAS Row address strobe 
6-8, 10-14 Ao-A7 Address inputs 

9 Voc Power supply 

16 CAS Column address strobe 
18 GND Ground 
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upD41464 ark NV. EC 


Block Diagram 








RAS Clock 
Generator 


CAS before RAS 


Counter 


83-0030158 


Absolute Maximum Ratings 


Storage temperature, TsTg —55 to +125°C 
Short circuit output current, log 50 mA 
Power dissipation, Pp 1W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 





Capacitance 
Ta = 25°C, f = 1 MHz 

| Limits en taee 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Ci 5° pF Ao-A7 
Input capacitance Ci 8 pF RAS, CAS, WE, OE 
Input/output capacitance Co 7 pF 1/04-1/04 





NEC 


DC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V +10% 


Parameter Symbol 
Supply voltage Vec 
input high voltage Vin 
Input low voltage VIL 
Standby current Ioc2 
Input leakage current I) 
Output leakage current lo(t) 
Output low voltage VoL 
Output high voltage Vou 


AC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V 410% 


Parameter 
Operating current, average Ioc1 


Symbol 


Operating current, lec3 
refresh mode, average 

Operating current, Iec4 
page mode, average 

Operating current, CAS lecs 
before RAS refresh mode, 

average 

Random read or trc 
write cycle time 

Read-write cycle time trwe 
Page mode cycle time tpc 
Refresh period tREF 
Access time from RAS tRAC 
Access time from CAS tcac 
Output buffer turn-off torr 
delay 

Transition time (rise tr 
and fall) 

RAS precharge time trp 
RAS pulse width tras 
RAS hold time trsH 
CAS pulse width tcas 
CAS hold time tcsH 
RAS to CAS delay time taco 
CAS to RAS precharge tcrp 
time 

CAS precharge time, tcpn 
non-page cycle 

CAS precharge time, top 


page cycle 


Min 
45 
2.4 
—1.0 
—10 
—10 
0 
2.4 
uPD41464-10 
Min Max 
80 
65 
55 
70 
200 
2/0 
100 
4 
100 
50 
0 25 
3 50 
90 
100 10000 
50 
50 10000 
100 
20 50 
10 
25 
40 


Limits 
Typ 
5.0 
uPD41464-12 
Min Max 
75 
60 
50 
65 
220 
300 
120 
4 
120 
60 
0 30 
3 50 
90 
120 10000 
60 
60 10000 
120 
25 60 
10 
25 
50 


Max Unit 
5.5 V 
55 V 
0.8 V 
5.0 mA 
10 vA 
10 uA 
0.4 V 

Veo V 

uPD41464-15 
Min Max 
70 
55 
45 
60 
260 
355 
145 
4 
150 
75 
0 40 
3 50 
100 
150 10000 
75 
75 10000 
150 
25 75 
10 
25 
60 


Unit 
mA 


mA 


mA 


mA 


ns 


ns 
ns 
ms 
ns 
ns 
ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


ns 


uPD41464 


Test 
Conditions 


Referenced to GND 
Referenced to GND 
Referenced to GND 
RAS = CAS = Viy 


Vin = 0 to 5.5 V, all other pins not 
under test =0 V 


1/0 is High-Z, Vig =0 to 5.5 V 
lo. = 4.2 mA 
lou =—5 mA 


Test 
Conditions 

RAS, CAS cycling, tag = tac min 

(Note 5) 

RAS cycling, CAS = Vix, tro = tac min 
(Note 5) 

RAS = Vj,, CAS cycling, tp¢ = tp¢ min 
(Note 5) 

RAS cycling, CAS = Vi, tac = trc min 
(Note 5) 





(Note 6) 


(Note 6) 
(Note 6) 


(Notes 7, 8) 
(Notes 7, 9) 
(Note 10) 


(Note 3) 


(Note 11) 
(Note 12) 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Veg = 5.0 V +10% 


uPD41464-10 


Min 
0 


0 
15 
0 


20 


80 


0 


10 


0 


30 


90 


20 


40 


40 


0 
30 


uPD41464-12 
Max 


uPD41464-15 


Min Max Unit 


NEC 


Test 
Conditions 


(Note 13) 


(Note 13) 


(Note 14) 


Data-in hold time tpH 25 


90 


0 


(Note 14) 


Write command setup twes 0 


(Note 15) 


RAS to WE delay trwo 130 


155 


(Note 15) 


CAS to WE delay tewp 80 


95 


30 
0 


30 


(Note 15) 


OE command hold time toeH 0 


0 


10 


10 


30 


0 ns 
0 ns 
15 ns 
0 ns 
25 ns 
100 ns 
0 ns 
10 ns 
0 ns 
40 ns 
115 ns 
25 ns 
45 ns 
45 ns 
0 ns 
40 ns 
115 ns 
0 ns 
195 ns 
120 ns 

40 ns 
40 ns 
0 ns 
0 40 ns 
10 ns 
10 ns 
30 ns 


CAS hold time for CAS tcHR 20 


Parameter Symbol Min Max 
RAS precharge CAS trpc 0 
hold time 

Row address setup time tasr 0 
Row address hold time tRAH 10 
Column address setup tasc 0 
time 

Column address hold tcaH 15 
time 

Column address hold _ tar 65 
time referenced to RAS 

Read command setup trcs 0 
time 

Read command hold _ tRRH 10 
time referenced to RAS 

Read command hold _ trou 0 
time referenced to CAS 

Write command hold twoH 25 
time 

Write command hold __ twer vis) 
time referenced to RAS 

Write command pulse twp 15 
width 

Write command to RAS ——trwi 35 
lead time 

Write command toCAS tow 35 
lead time 

Data-in setup time tps 0 
Data-in hold time_ toHR rhs) 
referenced to RAS 

time 

Access time from 0E toea 25 
Data delay time toep 25 
Output turn-off delay toEz 0 25 
from OE 

OE to RAS inactive setup _ toes 10 
time 

CAS setup time for tcsR 10 
CAS before RAS refresh 

before RAS refresh 
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Note: 


(1) An initial pause of 100 ws (RAS inactive) is required after power-up, followed by any 8 RAS cycles, before proper device operation Is 
achieved. 





(2) AC measurements assume ty = 5 ns. 
(3) Vip (min) and Vi_ (max) are reference levels for measuring timing of input signals. 
(4) All voltages referenced to GND. 


(5) toot loos: loca, and loos depend on output loading and cycle rates. Specified values are obtained with the output open. For lot code K of 
uPD41464-15, tac min must be 270 ns and Iocg = 60 mA. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. For lot code K of vPD41464-15, tac min must be 270 ns. 


(7) Load = 2 TTL loads and 100 pF. 


(8) Assumes that tacp =tacp (max). if tacp is greater than the maximum recommended value in this table, trac increases by the amount that 
tacp exceeds the value shown. 


(9) Assumes that taco 2 tacp (max). 
(10) torr (max) and togz (max) define the time at which the outputs achieve the open circuit condition and are not referenced to Voy or VoL. 


(11) Operation within the tacp (max) limit assures that taac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than tacp (max), access time is controlled exclusively by tcac. 


(12) The torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either try or tao must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos, towp: and tawp are restrictive operating parameters in read-write/read-modify-write cycles only. If twog = twos (min), the cycle is 
an early write cycle and the data I/O pins will remain high impedance throughout the entire cycle. If towp = tewp (min) and tawp 2 tawp 
(min), the cycle is a read-write cycle and the data I/O pins will contain data read from the selected cells. If neither of the above conditions is 
met, the condition of the data I/O pins (at access time and until CAS returns to V4) is indeterminate. 
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Timing Waveforms (cont) 


OE-Controlled Write Cycle 
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Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Page Mode Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


tan ————_> 
trop 


all tRsH | 
im 


aa _ Soa rae MMMM MLL LLL. 
we anes a MMLLLULNLLLLLL, 


OE 





N. EC yuPD411000 


NEC Electronics Inc. DYNAMIC NMOS RAM 
PRELIMINARY INFORMATION 


Description Pin Configurations 


The uPD41 1000 is a page mode version 1,048,576-word 18-Pin Plastic DIP 
by 1-bit dynamic N-channel MOS random access 
memory (RAM). It is designed to operate from a single 
+5 V power supply. The negative voltage substrate bias 
is automatically generated internally. The yPD411000 
utilizes advanced double-level polycide technology. 
The use of trench capacitors minimizes silicon area 
while providing high storage cell density, high per- 
formance, and high reliability. The device uses a single 
transistor dynamic storage cell and advanced dynamic 
circuitry throughout, ensuring minimum power 
dissipation. 


The three-state output is controlled by CAS indepen- 26/20-Pin SOJ 
dently of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to the high-impedance 
state by returning CAS high. Hidden refresh allows 
CAS to be held low to maintain output data while RAS 
is used to execute RAS-only refresh cycles. 


oe 
2 
o 
= 
od 
wz 
a 
a 
Es 


83-003234A 





Refresh may be accomplished by using a CAS before 
RAS cycle, enabling the internal generation of the 
refresh address. Refresh can also be accomplished by 
using RAS-only refresh or by a normal read or write 
cycle on the 512 address combinations of Ag-Ag during 
the 8 ms refresh period. 


- 
7 
4 
[=] 
a 
ES 





Features 


1) 1,048,576-word by 1-bit organization 
L] Page mode operation 


Pin Identification 























C1 High density 18-pin plastic DIP (uPD411000C) Plastic DIP 

or 26/20-pin plastic SOJ (uPD411000LA) No. Symbol Function 
Ci Single +5 V +10% power supply ~ Dy” Datainput 
C1 CAS before RAS internal address refresh mode — ; 
C1 Low power dissipation: PRT SASL || RA ER hs 

— 28 mW standby (max) 3 RAS Row address strobe 
C1 Multiplexed address inputs 4 NC No connection 
CL] On-chip substrate bias generator 5-8, 10-15 Ao-Ag Address inputs 
CL] Non-latched TTL-compatible three-state output 9 Veo Power supply 
CL] Low input capacitance 16 CAS Column address strobe 
CL] TTL-compatible inputs 
C1 512 refresh cycles during 8 ms period My Dour Sat outaut 

18 GND Ground 
Performance Ranges 
Row Access R/W RMW Page Mode 

Device Time (Max) Cycle (Min) Cycle (Min) Cycle (Min) 


uPD411000-10 100 ns 200 ns 270 ns 100 ns 
HPD411000-12 120 ns 220 ns 300 ns 120 ns 
uPD411000-15 150 ns 260 ns 355 ns 145 ns 
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Pin Identification (cont) 








Plastic SOJ 

No. Symbol Function 

1 Din Data input | 

2 WE Write enable 

3 RAS Row address strobe 
4, 5, 23 . NC No connection 

6-8, 19-21 — No external lead 
9-12, 14-18, 22 “Ag-Ag Address inputs 

13 Voc Power supply 

24 CAS Column address strobe 
25 DouT Data output 

26 GND Ground 

Block Diagram 


' RAS Clock 
Generator 


oa CAS Clock 
Generator 


WE Clock 


TAS before RAS _ Generator 


Internal 
Refresh Data-in 
cist Data I/O Bus Buffer 
Data-out 


Memory Array 


Refresh 
Address 
Counter 


: Multiptexer 
Address Buffer 
Row Decoder | 
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Absolute Maximum Ratings 


Voltage on any pin relative to GND 
Operating temperature, Topp 
Storage temperature, TsTg 

Short circuit output current 

Power dissipation, Pp 


—1.0 to +7.0V 
0 to +70°C 
—55 to +125°C 
50 mA 

1W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 


Capacitance 
Ta = 25°C, f= 1 MHz 


Parameter Symbol 
Input capacitance Ciy 
Input capacitance Ci2 


Output capacitance Cp 


Test 


Conditions 
Address, Diy 
RAS, CAS, WE 
Dout 


uPD411000 
DC Characteristics 
Ta = 0 to +70°C; Vog = 5 V + 10% 
Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Vec 45 50 55  V_ Referenced to GND 
Input high Vin 2.4 5.5 V_ Referenced to GND 
voltage 
input jow Vii 1.0 0.8 V_ Referenced to GND 
voltage 
Standby current Ioc2 5.0 mA RAS=Vin, 

Dout = Hi-Z 
Input leakage iy 10 10 pA Vin=0to5.5V, 
current all other pins not 

under test = 0V 
Output leakage lo) —10 10 yA Doyt is disabled, 
current Vout = 9 to 5.5 V 
Output low Vo 0 04 V Ip =4.2mA 
voltage 
Ouput high Von 2.4 Veo Vo loy=—SmA 
voltage 
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AC Characteristics 
Ta = 0 to +70°C; Vog = 5.0 V + 10% 


Parameter 
Operating current, average lect 


Operating current, RAS-only —Ig3 
refresh mode, average 


Operating current, page mode = Ioc4 
Operation, average 


Operating current, CAS before —Igg 
refresh mode, average 


Symbol 


Random read or write tre 
cycle time 

Read-write cycle time trwe 
Access time from RAS trac 
Access time from CAS tcac 
Output buffer turn-off delay torr 


200 


270 


Max 
100 
85 


85 


90 


100 
50 
25 
50 


Limits 


220 


300 


0 
3 


Max 
90 
75 


i) 


80 


120 
60 
30 
50 


260 


355 


0 
3 


uPD411000-10 PD411000-12 ~PD411000-15 


Max 
80 
65 


65 


70 


150 
75 
40 
50 


Unit 
mA 
mA 


mA 


mA 


ns 


NEC 


Test 
Conditions 


RAS, CAS cycling, tac = tac min (Note 5) 


RAS cycling, CAS = Vip, tac = tag min 
(Note 5) 


RAS = Vj, CAS cycling, tpg = tpg min 
(Note 5) 


RAS cycling, CAS before RAS, 
tro = tac min (Note 5) 


(Note 6) 


(Note 6) 
(Notes 7, 8) 
(Notes 7, 9) 
(Note 10) 


Transition time (rise and fall) tr 


RAS precharge time trp 

RAS pulse width tras 
RAS hold time trsu 
CAS pulse width toas 
CAS hold time tosH 
RAS to CAS delay time trop 
CAS to RAS precharge time torp 
CAS precharge time, topn 


non-page cycle 


90 
100 
50 
50 
100 
20 


20 


10000 


10000 


50 


90 
120 
60 
60 
120 
25 
10 
25 


10000 


10000 


60 


100 
150 
rhs) 
75 
150 
25 
10 
30 


10000 


10000 


75 


(Note 4) 


(Note 11) 
(Note 12) 


RAS precharge CAS hold time 


ns 
ns 


Row address setup time 


15 


ns 


Column address setup time 


trec 
tASR 
Row address hold time tray 
tasc 
Column address hold time tcaH 
Column address hold time tar 
referenced to RAS 
Read command setup time tacs 
Read command hold time tRRH 
referenced to RAS 
Read command hold time tRcH 
referenced to CAS 
Write command hold twcH 
time 
twer 


25 


20 
80 


40 


ns 
ns 
ns 


ns 
ns 


ns 


ns 


(Note 13) 


(Note 13) 


Write command hold 


time referenced to RAS 


th) 


20 


115 


25 


ns 


Write command pulse width twp 


Write command to tRWL 
RAS lead time 
towL 


35 


40 


45 


ns 
ns 


Write command to CAS lead 


time 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Veco = 5.0 V + 10% 











Limits 

vPD411000-10 =PD411000-12 ,PD411000-15 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Data-in setup time tos 0 0 0 ns (Note 14) 
Data-in hold time toy 25 30 40 ns (Note 14) 
Data-in hold time referenced tpHR 75 90 115 ns 
to RAS 
Write command setup time twes 0 0 0 ns (Note 18) 
RAS to WE delay trwo 100 120 150 ns (Note 15) 
CAS to WE delay towo 50 60 75 ns (Note 15) 
CAS setup time for CAS tesr 10 10 10 ns 
before RAS refresh 
CAS hold time for CAS tcHR 20 25 30 ns 
before RAS refresh 
Page cycle time tpo 100 120 145 ns __ (Note 6) 
CAS precharge time, page top 40 50 60 ns 
cycle 
Refresh period tReF 8 8 8 ms Addresses Ag-Ag 
Note: 


(1) All voltages referenced to GND. 

(2) An initial pause of 100 ws is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 
(3) AC measurements assume ty = 5 ns. 
( 
( 
( 





4) Vin (min) and V)_ (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj} and Vj. 
5) loct loca: loca, and locg depend on output loading and cycle rates. Specified values are obtained with the output open. 


6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load = 2 TTL loads and 100 pF. 


(8) Assumes that tacp Strcp (max). If taop is greater than the maximum recommended value in this table, trac increases by the amount that 
trop exceeds the value shown. 


(9) Assumes that tacp 2 trcp (max). 
(10) tore (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or VoL. 


(11) Operation within the tacp (max) limit assures that taac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than tacop (max), access time is controlled exclusively by tcac. 


(12) The tornp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tapy or tacH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write 
or read-modify-write cycles. 


(15) twos, tewp, and tawp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos = twos (min), the cycle is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If towp = tcwp (min) and tawp =trRwp (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, the 
condition of the data out (at access time and until CAS returns to Vj) is indeterminate. 
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Timing Waveforms 


Read Cycle 





Row~. 
Address 
WEY 


Om LLL 


Lo» (It 
Yam ne 
Eten 








ht+—— tour 


83-001657A 


VIL LAMM 


tos 
Vn Se MMMM 


ea er aes ae ae ee 


5-48 


Impedance 
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NEC 


Read-Wrlte/Read-Modify-Write Cycle 





N: E Cc uPD41 foe 


Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle 
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CAS before RAS Refresh Cycle 


High impedance 


Note: 
[1] WE, Address: Don't Care. 
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Timing Waveforms (cont) 


Page Mode Read Cycle 
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NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The wPD411001 is a nibble mode version 1,048,576- 
word by 1-bit dynamic N-channel MOS random access 
memory (RAM). It is designed to operate from a single 
+5 V power supply. The negative voltage substrate bias 
is automatically generated internally. The uPD411001 
utilizes advanced double-level polycide technology. 
The use of trench capacitors minimizes silicon area 
while providing high storage cell density, high perfor- 
mance, and high reliability. The device uses a single 
transistor dynamic storage cell and advanced dy- 
namic circuitry throughout, ensuring minimum power 
dissipation. 


The three-state output is controlled by CAS in- 
dependently of RAS. After a valid read or read-modify- 
write cycle, data is held on the output by holding CAS 
low. The data output is returned to the high-impedance 
state by returning CAS high. Hidden refresh allows 
CAS to be held low to maintain output data while RAS 
is used to execute RAS-only refresh cycles. 


Refresh may be accomplished by using a CAS before 
RAS cycle, enabling the internal generation of the 
refresh address. Refresh can aiso be accomplished by 
using RAS-only refresh or by normal read or write 
cycles on the 512 address combinations of Ap-Ag 
during the 8 ms refresh period. 


Features 


O 1,048,576-word by 1-bit organization 

0 Single +5 V + 10% power supply 

{] Nibble mode operation 

QO High density 18-pin plastic DIP (uPD411001C) or 
26/20-pin SOU (uPD411001LA) 

XC Low power dissipation: 
— 28 mW standby (max) 

CO CAS before RAS internal address refresh mode 

0 Multiplexed address inputs 

(1 On-chip substrate bias generator 

O Non-latched TTL-compatible three-state output 

() Low input capacitance 

O TTL-compatible inputs 

0 512 refresh cycles during 8 ms period 


Performance Ranges 


Nibble Mode 

Row Access Read/Write RMW Access Time 
Device Time (max) Cycle({min) Cycle (min) {max} 
p#PD411001-10 100 ns 200 ns 270 ns 25 ns 
vPD411001-12 120 ns 220 ns 300 ns 30 ns 
vPD411001-15 150 ns 260 ns 355 ns 35 ns 






uPD411001 
1,048,576 x 1-BIT 
DYNAMIC NMOS RAM 


Pin Configurations 
18-Pin Plastic DIP 


yvPD411001 
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83-003520A 


Pin Identification 








Plastic DIP 

No. Symbol Function 

1 Din Data input 

2 WE Write enable 

3 RAS Row address strobe 
4 NC No connection 

5-8, 10-15 Ag-Ag Address inputs 

9 Voc Power supply 

16 CAS Column address strobe 
17 Dout Data output 

18 GND Ground 
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Pin Identification (cont) 


Plastic SOJ 

No. Symbol Function 
1,2,24,25 1/0, —1/04 Data 1/0 

3 WE Write enable 

4 RAS Row address strobe 

5 NC No connection 
6-8,19-21 _ No external lead 
9-12,14-18,22  Ag-Ag Address inputs 

13 Vec Power supply 

22 OE Output enable 

23 CAS Column address strobe 
26 GND Ground 


RAS Clock 
Generator 


CAS Clock 
Generator 


CAS before RAS 


Internal 
Refresh 


Glock Data I/O Bus 


Refresh 
Address 
Counter 


ie 


Multiplexer 
Address Buffer 


Row Decoder | | 
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Column Decoder 


Sense Amplifier 


NEC 


Absolute Maximum Ratings 





Voltage on any pin relative to GND —1.0 to +7.0V 
Operating temperature, Topp 0 to +70°C 
Storage temperature, Tstg —§5 to +125°C 
Short circuit output current 50 mA 
Power dissipation, Pp 1W 





Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


WE Clock 
Generator 


Data-in 
Buffer — 


Data-out 
Buffer 


4-Bit Shift Register 
and Switches 


Memory Array 
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DC Characteristics 
Ta =0 to +70°C; Vog = 5 V + 10% 


Limits 
Parameter Symbol Min Typ Max Unit 
Supply voltage Veco 45 5.0 5.5 V 
Input high Vin 2.4 55 V 
voltage 
Input low Vit 1.0 08 = 
voltage 
Standby current loc2 5.0 mA 
Input leakage ly 10 10 pA 
current 
Output leakage lot) —10 10 yA 
current 
Output low VoL 0 04 #V 
voltage 
Output high Vou 2.4 Veco OV 
voltage 


AC Characteristics 
Ta =0 to +70°C; Vog = 5.0 V + 10% 


vPD411001-10 §=PD411001-12 ,.PD411001-15 


Test 
Conditions 


Referenced to GND 
Referenced to GND 


Referenced to GND 


RAS = Vin, 
Doyt = Hi-Z 


Vin =0 to 5.5 V, 
all other pins not 
under test =0V 


Dour is disabled, 
Vout = 0 to 5.5 V 


lo. = 4.2 mA 


low =—5 mA 


Capacitance 
Ta = 25°C, f = 1 MHz 


Parameter 

Input capacitance 
Input capacitance 
Output capacitance 


Limits 











Parameter Symbol Min Max Min Max Min 
Operating current, average Icc1 100 90 
Operating current, RAS-only Icc3 85 75 

refresh mode, average 

Operating current, nibble mode —I¢c¢s5 40 35 
operation, average 

Operating current, CAS before —Iccg 90 80 

RAS refresh mode, average 

Random read or write tro 200 220 260 
cycle time 

Read-write cycle time trwc 270 300 355 
Access time from RAS trac 100 120 

Access time from CAS, tcac 50 60 
non-nibble cycle 

Access time from CAS, tnac 25 30 

nibble mode cycle 

Output buffer turn-off delay torr 0 25 30 0 
Transition time (rise and fall) —_— ty 3 50 3 50 3 
RAS precharge time trp 90 90 100 
RAS pulse width tras 100 10000 120 10000 150 
RAS hold time tas 50 60 rhs) 
RAS hold time (nibble mode) —trsy 25 30 35 
CAS pulse width, non-nibble —tcas 50 10000 60 10000 75 
mode 

CAS hold time tesH 100 120 150 


Max 
80 
65 


30 


70 


150 
1 


35 


10000 























yuPD411001 
Test 
Symbol Max Unit Conditions 
Ci 5 pF Address, Din 
¢ 8 pF RAS, CAS, WE 
Cp 7 pF Dout 
Test 
Unit Conditions 
mA RAS, CAS cycling, trc = trc min (Note 5) 
mA RAS cycling, CAS = Viy, tac = tag min 
(Note 5) 
mA RAS = Vi, CAS cycling, tyc = tnc min 
(Note 5) 
mA RAS cycling, CAS before RAS, 
tac = tac min (Note 5) 
ns__ (Note 6) 
ns (Note 6) 
ns (Notes 7, 8) 
ns (Notes 7, 9) 
ns (Note 7) 
ns (Note 10) 
ns___ (Note 4) 
ns 
ns 
ns 
ns 
ns 
ns 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Vog = 5.0 V + 10% 





Limits 

vPD411001-10 yPD411001-12 .~PD411001-15 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
RAS to CAS delay time trop 20 50 25 60 25 75 ns (Note 11) 
CAS to RAS precharge time torP 10 10 10 ns (Note 12) 
CAS precharge time tne 20 25 30 ns 
RAS precharge CAS hold time —_tapo 0 0 0 ns 
Row address setup time tasR 0 0 0 ns 
Row address hold time tRAH 10 15 15 ns 
Column address setup time tase 0 0 0 ns 
Column address hold time toaH 15 20 25 ns 
Column address hold time tar 65 80 100 ns 
referenced to RA 
Read command setup time tacs 0 0 0 ns 
Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 
Read command hold time tRCH 0 0 0 ns (Note 13) 
referenced to CAS 
Write command hold tweH 25 30 40 ns 
time 
Write command hold_ twor 7 90 115 ns 
time referenced to RAS 
Write command pulse width twp 15 20 25 ns 
Write command to trwe 35 40 45 ns 
RAS lead time 
Write command to CAS lead towL 35 40 45 ns 
time, non-nibble cycle 
Write command to CAS lead tncwL 25 30 35 ns 
time, nibble mode cycle 
Data-in setup time tos 0 0 0 ns (Note 14) 
Data-in hold time toy 25 30 40 ns (Note 14) 
Data-in hold time referenced tpHR rks) 90 115 ns 
to RAS 
Write command setup time twes 0 0 0 ns (Note 15) 
RAS to WE delay tawo 100 120 150 ns (Note 15) 
CAS to WE delay, tow 50 60 75 ns (Note 15) 
non-nibble cycle 
CAS to WE delay, tnewo 25 30 35 ns (Note 15) 
nibble mode cycle 
CAS setup time for CAS tcsr 10 10 10 ns 


before RAS retresh 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Vog = 5.0 V + 10% 





Limits 

uvPD411001-10 PD411001-12 PD411001-15 Feat 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
CAS hold time for CAS tcHR 20 25 30 ns 
before RAS refresh 
Nibble mode cycle time tne 55 65 75 ns (Note 6) 
CAS pulse width, nibble tnas 25 10000 30 10000 35 10000 ns 
mode cycle 
Refresh period tREF 8 8 8 ms Addresses Ag-Ag 
Note: 


(1) All voltages referenced to GND. 

(2) An initial pause of 100 us is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume ty = 5 ns. 

(4) Vir (min) and V)_ (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj) and Vj_. 
(5) Ico loca: loos: and Iocog depend on output loading and cycle rates. Specified values are obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load = 2 TTL loads and 100 pF. 


(8) Assumes thattaop Strop (max). If tacp is greater than the maximum recommended value in this table, trac increases by the amount that 
trop exceeds the value shown. 


(9) Assumes that tacp = trop (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy Or Vor. 





(11) Operation within the tagp (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than tpcp (max), access time is controlled exclusively by toac. 


(12) The torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either taay or tacH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos, tawo: towp: and tnowp are restrictive operating parameters in read-write/read-modify-write and nibble mode read-write/read- 
modify-write cycles only. If twos = twcs (min), the cycle is an early write or nibble mode early write cycle and the data output will remain 
open circuit throughout the entire cycle. If tewp 2 towp (min) and tawp = trwp (min), the cycle is a read-write cycle and the data output 
will contain data read from the selected cell. If tycwp = tncwp (min), the cycle is a nibble mode read-write cycle and the data output will 
contain data read from the selected cell. If none of the above conditions are met, the condition of the data output pin (at access time and 
until! CAS returns to Vj}) is indeterminate. 
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Timing Waveforms 


Read Cycle 
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Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle: 
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Timing Waveforms (cont) 


Nibble Mode Write Cycle (Early Write) 
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Timing Waveforms (cont) 


Nibble Mode Read-Write/Read-Modify-Write Cycle 
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NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The uwPD414256 is a 262,144-word by 4-bit dynamic 
N-channel MOS random access memory (RAM) de- 
signed to operate from asingle +5 V power supply. The 
negative voltage substrate bias is generated internally; 
its operation is automatic and transparent. The 
uPD414256 utilizes advanced double-leve! polycide 
technology. The use of trench capacitors minimizes 
silicon area while providing high storage cell density, 
high performance, and high reliability. The device uses 
advanced dynamic circuity throughout, ensuring min- 
imum power dissipation. 


The three-state _1/O pins are controlled by CAS in- 
dependently of RAS. After a valid read or read-modify- 
write cycle, data is held on the I/O pins by holding CAS 
low. The data I/O pins are returned to the high-imped- 
ance state by returning CAS high. The uPD414256 
hidden refresh feature allows CAS to be held low to 
maintain output data while RAS is used to execute 
RAS-only refresh cycles. 


Refresh is accomplished by using a CAS before RAS 
cycle, enabling the internal generation of the refresh 
address. Refresh can also be accomplished by using 
RAS-only refresh or anormal read or write cycle on the 
512 address combination of Ag-Ag during the 8 ms 
refresh period. 


Features 


C) 262,144-word by 4-bit organization 

[C] Page mode operation 

QO High density 20-pin plastic DIP (uPD414256C) 
or 26/20-pin plastic SOJ (uPD414256LA) 

O Single +5 V +10% power supply 

CU CAS before RAS internal address refresh mode 

C) Low power dissipation: 
— 28 mW standby (max) 

Ci Multiplexed address inputs 

C] On-chip substrate bias generator 

C] Non-latched TTL-compatible I/O 

CX Low input capacitance 

CO TTL-compatible inputs 

CO 512 refresh cycles during 8 ms period 


Performance Ranges 


Row Access R/W RMW OE Access 


Device Time (Max) Cycle (Min) Cycle (Min) Time (Max) 
uPD414256-10 100 ns 200 ns 270 ns 25 ns 
uPD414256-12 120 ns 220 ns 300 ns 30 ns 
uPD414256-15 150 ns 260 ns 355 ns 40 ns 





yuPD414256 
262,144 x 4-BIT 
DYNAMIC NMOS RAM 


Pin Configurations 


20-Pin Plastic DIP 












uPD414256 
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26/20-Pin SOJ 
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Pin Identification 


Plastic DIP 

No. Symbol Function 

1, 2, 18, 19 1/04-1/04 Data 1/0 

3 WE Write enable 

4 RAS Row address strobe 
5 NC No connection 

6-9, 11-15 Ag-Ag Address inputs 

10 Voc Power supply 

16 OE Output enable 

17 CAS Column address strobe 
20 GND Ground 
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Pin Identification (cont) 


NEC 


Plastic SOU 

No. Symbol Function 

1, 2, 24, 25 1/04-1/04 Data 1/0 

3 WE Write enable 

4 RAS Row address strobe 
5 NC No connection 

6-8, 19-21 — No external jead 
9-12, 14-18 Ao-Ag Address inputs 

13 Voc Power supply 

22 OE Output enable 

23 CAS Column address strobe 
26 GND Ground 

Block Diagram 


RAS Clock 
Generator . 
CAS Clock 
Generator 
WE Clock 
Generator 
OE Clock 
Generator 
Data-In 
Internal Buffer 
Refresh 


Refresh Column Decoder 
Address 
Sousa Sense Amplifier 


Data-out 
Buffer 


512 x 2048 
Memory Array 


Multiplexer 
Address Buffer 


83-003260B 
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Absolute Maximum Ratings 


Voltage on any pin relative to GND —1.0to +7.0V 
Operating temperature, Topp 0 to +70°C 
Storage temperature, Tstg —55 to +125°C 
Short circuit output current 50 mA 
Power dissipation, Pp 1W 


Comment: Exposing the device to stresses above those listed in 


Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 25°C, f= 1 MHz 

Test 
Parameter Symbol Max Unit Conditions 
Input capacitance Ci 5 pF Address 
Input capacitance Cio 8 pF RAS, CAS, WE, 0E 
Input/output Cp 7 pF Input/output 


capacitance 


uUPD414256 
DC Characteristics 
Ta = 0 to +70°C; Veg = 5 Vt 10% 
Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Veg 45 50 55  V_ Referenced to GND 
Input high Vip 2.4 5.5 V_ Referenced to GND 
voltage 
Input low Vii 1.0 0.8 V_ Referenced to GND 
voltage 
Standby current —_Icc2 5.0 mA RAS=CAS=Viy 
Input leakage ly 10 10 wA Vy O0to5.5V, 
current all other pins not 

under test = 0 V 
Output leakage lot) —10 10 wA 1/0=High-Z, 
current Vizo = 0 to 5.5 V 
Output low Vo 0 04 V_ Ip, =4.2mA 
voltage 
Output high Voy 2.4 Veo Vo lon=—5mA 
voltage 
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AC Characteristics 


Ta =0 to +70°C; Veg = 5.0 V + 10% 


Parameter 
Operating current, average 


Operating current, refresh 
mode, average 


Operating current, page mode, 
average 


Operating current, CAS before 
RAS refresh mode, average 


Random read or write 
cycle time | 


Read-write cycle time 

Page mode cycle time 
Refresh period 

Access time from RAS 
Access time from CAS 
Output buffer turn-off delay 
Transition time (rise and fall) 
RAS precharge time 

RAS pulse width 

RAS hold time 

CAS pulse width 

CAS hold time 

RAS to CAS delay time 
CAS to RAS precharge time 


CAS precharge time, 
non-page cycle 


CAS precharge time, page mode 
RAS precharge CAS hold time 
Row address setup time 

Row address hold time 

Column address setup time 
Column address hold time 


Column address hold time 
referenced to RAS 


Read command setup time 


Read command hold time 
referenced to RAS 


Read command hold time 
referenced to CAS 


Write command hold 
time 


Write command hold _ 
time referenced to RAS 


Write command pulse width 
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Symbol 


Icct 
Ioc3 


loca 
locs 
tac 


tawc 
tec 
tREF 
tRac 
tcac 
torr 
ty 
tap 
tras 
tRSH 
tcas 
tcsH 
tacp 
tcp 
tcpn 


tcp 
trpc 


tASA 
tRAH 
tasc 
tcAH 
tar 


tres 
tRRH 


tRcH 
twcH 
twer 


twe 


uPD414256-10 

Min Max 
100 
85 
85 
90 

200 

270 

100 
8 
100 
50 

0 25 

3 50 

90 

100 10000 

50 

50 10000 

100 

20 50 

10 

20 

40 

0 

0 

10 

0 

15 

65 

0 

10 

0 

25 

75 

15 


Limits 

uPD414256-12 yPD414256-15 

Min Max Min Max 
90 90 
75 65 
5 65 
80 70 

220 260 

300 355 

120 145, 
8 8 
120 150 
60 75 

0 30 0 40 

3 50 3 50 

90 100 

120 10000 150 10000 

60 75 

60 10000 75 10000 

120 150 

25 60 2 75 

10 10 

25 30 

50 60 

0 0 

0 0 

15 15 

0 0 

20 25 

80 100 

0 0 

10 10 

0 0 

30 40 

90 115 

20 25 


Unit 
mA 
mA 


mA 


mA 


ns 


ns 


ns 
ns 
ns 
ns 
ns 
ns 


ns 
ns 


ns 


ns 


ns 


ns 
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Tests 
Conditions 


RAS, CAS cycling, tac = tac min (Note 5) 


RAS cycling, CAS = Vin, tac = tac min 
(Note 5) 


RAS = V),, CAS cycling, tpo = tpc min 
(Note 5) 


RAS cycling, CAS = Vj, tac = tac min 
(Note 5) 


(Note 6) 


(Note 6) 
(Note 6) 


(Notes 7, 8) 
(Notes 7, 9) 
(Note 10) 
(Note 4) 


(Note 11) 
(Note 12) 


(Note 13) 


(Note 13) 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Voc = 5.0 V + 10% 








Limits 

wPD414256-10 PD414256-12 PD414256-15 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Write command to tawL 35 40 45 “As 
RAS lead time 
Write command to CAS lead towL 35 40 45 ns 
time 
Data-in setup time tos 0 0 0 ns___ (Note 14) 
Data-in hold time tou 25 30 40 ns (Note 14) 
Data-in hold time referenced tour 75 90 115 ns 
to RAS 
Write command setup time twes 0 0 0 ns __ (Note 15) 
RAS to WE delay trwo 130 155 195 ns (Note 15) 
CAS to WE delay tewo 80 95 120 ns (Note 15) 
Access time from OE toga 25 300 40 ns 
Data delay time toep 25 30 40 ns 
OE command hold time toeH 0 0 0 ns 
Output turn-off toez 0 25 0 30 0 40 ns (Note 10) 
delay from OE 
OE to RAS inactive toes 10 10 10 ns 
setup time 
CAS setup time for CAS tcsr 10 10 10 ns 
before refresh 
CAS hold time for CAS tcHR 20 25 30 ns 
before RAS refresh 
Note: 


(1) An initial pause of 100 ys is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(2) AC measurements assume ty = 5 ns. 

(3) Vin (min) and Vj, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj}, and Vj,. 
(4) All voltages referenced to GND. 

(5) loc loos: Ioc4, and Iccg depend on output loading and cycle rates. Specified values are obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load = 2 TTL loads and 100 pF. 


(8) Assumes that tacp Strop (max). If tacp is greater than the maximum recommended value in this table, taac increases by the amount that 
tacp exceeds the value shown. 


(9) Assumes that tacp = trcp (max). 
(10) torr (max) and togez (max) define the time at which the outputs achieve the open circuit condition and are not referenced to Voy or Vo_.- 


(11) Operation within the trop (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than tacp (max), access time is controlled exclusively by toac. 


(12) The torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tary or taoy must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos; tewp: and tnwp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos = twcs (min), the cycle is 
an early write cycle and the data I/O pins will remain open circuit throughout the entire cycle. If tewp = tewp (min) and tawp = trwpo 
(min), the cycle is a read-write cycle and the data I/O pins will contain data read from the selected celis. If neither of the above conditions is 
met, the condition of the data I/O pins (at access time and until CAS returns to V)}4) is indeterminate. 
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Write Cycle (Early Write) 
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Read-Write/Read-Modlify-Write Cycle 
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Timing Waveforms (cont) 
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Page Mode Write Cycle (Early Write) 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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XRAMs 
Section 6 — XRAMS 
uPD4168 8,192 x 8-Bit NUOS XRAM .. 
uPD42832 32,768 x 8-Bit CMOS XRAM 
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NEC uPD4168 
8,192 x 8-BIT 
NEC Electronics Inc. NMOS XRAM 

Revision 1 


Description 


The NEC uPD4168 is an 8,192 word by 8-bit NUYOS XRAM 
designed to operate from a single +5V power supply. 
The NEC pPD4168 Is termed an XRAM because it incor- 
porates some of the best features of both SRAMs (Non- 
multiplexed addresses, simple interface requirements) 
and DRAMs (the one-transistor core cell provides high 
density at low cost). The negative voltage substrate bias 
is internally generated and provides automatic and 
transparent operation. 


The incorporation of an internal refresh address counter 
and refresh multiplexer allows the user to select one of 
three refresh modes. The self-refresh mode provides 
transparent refresh without system overhead. Internal 
latches for address, data, and chip select allow for use 
in systems incorporating multiplexed address/data 
buses. 


Features 


8,192 words by 8-bit organization 

Single +5V+10% power supply 

On-chip substrate bias generator 

Fast access times 

Low power dissipation: 

28 mW max-Standby 

19 mW max-Self refresh 

TT L-compatible 

28-pin SRAM/ROM/EPROM compatible package 
Built-in refresh multiplexer and refresh address 
counter , 
Power-down self-refresh mode 

Automatic precharge allows cycle time to be inde- 
pendent of system skews __ 

Latched address, CS, and OE functions allow use 
on multiplexed address/data bus 

Read, early write, late write, external refresh, pulse 
refresh, and self-refresh cycles 


OOOOO 





Oo OF OOF OOO 


Performance Ranges 
Device toga toga te lees 


pPD4168C~12 120 ns 45ns 220 ns 65 mA 
vPD4168C-15 150 ns 55 ns 260 ns 60 mA 
uPD4168C-20 200 ns 70 ns 330 ns 55mA 





Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 
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Pin identification 

No. Symbol Function 
1 RFSH Internal refresh 
2-10, 21, Ao-At2 Address inputs 
23-25 

11-13, 15-19 =: 1/09-1/07 Data in /out 

14 GND Ground 

20 CE . Chip enable 

22 OE Output enable 

26 cs Chip select 

27 WE Write enable 

28 Veco +5 V power supply 


Pin Functions 
RFSH (Refresh Input) 


A built-in refresh control circuit enables this input. Two 
refresh modes are available: pulse refresh, using the 
RFSH input as a clock input, and power-down self- 
refresh, using the RFSH input as logic level input. RFSH 
is high (inactive) during normal read and write cycles. 


Ao-Ai2 (Address Inputs) 


The pPD4168 requires 13 address inputs to select a word 
of data. Because these address inputs are internally. 
read onto the chip at the falling edge of a CE clock 
pulse, the CE clock determines their address setup and 
hold times. Inputs Ag-Ag perform external refresh. 











uPD4168 


1/O9-1/07 (Data Inputs/ Outputs) 


Common I/O pins require WE and OE to contro! data. 
The CE clock and WE determine the data setup and hold 
times (tpsc, tpHc; tpsw, tpHw) for these pins during a 
memory write cycle; OE determines the access time 
(toga) during a read cycle. 


NEC 


CS (Chip Select) 


When GS is high (active) while the CE clock is enabled, 
the ».PD4168 can perform read/write operations. If CS is 
latched low (inactive) while the CE clock is enabled, 
1/O9-1/07 remain in the high-impedance state, regard- 
less of the status of WE and OE. 


GND (Ground) WE (Write Enable) 
All voltages are referenced to GND. WE controls read/write operations. WE input timing de- 
—— termines whether a write cycle is an early write or a late 
CE (Chip Enable) write. 
r 

extemal refresh cycles. i allows addresses. CS, and Wee Power Supply) 
(during an early write cycle) data inputs to be internally +5 V power supply. 
read onto the chip. 
OE (Output Enable) 
OE controls the output timing for I/O9-1/O7. Access 
time (tcEA, toga) is determined by the CE clock or by the 
OE input, according to OE input timing. 
vuPD4168 Functional Modes 
Mode =)0”t”~*é“‘CS;Cé;sRFSN©6©CCE|©€6GCS”06U€#«$4NSNEO|!|€UOEUOUO~#€«~&SIONN’”C”C*;é*é«Comments=<‘i‘i‘i‘iellandl’”s”’””’N#N#C#tété*# 
Early write H C’ H . L H Data in 
Late Write H Cc’ H C’ H Data in 
External refresh H C’ H H H High-Z 

H C’ L X X High-Z Standby 
Pulse refresh C’ H X X X High-Z 

C’ C’ H H H High-Z After external refresh cycle 

C’ C’ H H L (Note 1) After read cycle 

C’ C’ H L H Data in After early write cycle 

Cc’ C’ H C’ H Data in After late write cycle 

Power down self-refresh L H x X X High-Z . 
Standby H H X X xX High-Z 
H=Viyj, L=V_, C’ =negative edge of clock pulse, X=Vjy, or Vip 


Note: 
(1) Depends on previous syely 
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Block Diagram 
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Absolute Maximum Ratings DC Characteristics 
Voltage on any pin relative to GND =1.0t047.0V TA=Oto +70°C; Veg=5V210% 
Operating temperature, Topp Oto +70°C : a ies Test 
Storage temperature, Tstg —55 to +125°C keel di Re Roc 
Short circuit output current, los 50 mA Supply voltage © Voc 45 50 5.5 V__ Referenced to GND 
Power dissipation, Pp 1W hag voltage, Vit -—1.0 0.8 V__ Referenced.to aa 
Comment: Exposing the device to stresses above those listed in Abso- TO AtAL CA ES OR EL EE? SDaiace Rn aGBhin’ 
lute Maximum Ratings could cause permanent damage. The device is ee voltage, - Vin as 23 ¥, Reteranced GND 
not meant to be operated under conditions outside the limits de- g 
scribed in the operational sections of the specification. Exposure to Output voltage, Vo, 0 0.4 Vlop=2mA 
absolute maximum rating conditions for extended periods may affect low 


device reliability. 
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DC Characteristics (cont) Capacitance 
Ma Sa" Ta =0 to +70°C, Voc =5.0V +10% 
Parameter © Symbol Min Typ Max Unit _Conditions ve Test 
Output voltage, Von 24 + Vcc V lon=—imA Parameter Symbol Min Typ Max Unit Conditions 
high Input Cy 10 pF f=1MHz 
Average Voc lect 65 mA tc=220ns Se pa Tet a ee 
ay current, 60 mA tg=260ns pa 2 5 Ciyo 10 pF t=1MHz 
55 = =6mA_ ste =330ns 
Standby current I¢co 5 mA CE>Viymin, 
RFSH > Vjy min 
Self-refresh Iccg = si(‘<‘é‘é‘éz«dS OA ORV 
average current 
input leakage li) = -102=si«d A VO to5.5V; 
current others=0V 
current Doyt=High-Z 
AC Characteristics 
Ta =0 to +70°C, Vgg =5V +10% 
Limits 
~ yPD4168-12 = pPD4168-15 | ,PD4168-20 =a 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Average Vcc supply current, active icc) =Ssté‘é(twé~SC*!!!”!”~*~#~z }OLhlt”*~<S*;é‘é‘z !SS~*C«WMAS~*CG (min) 
Read, write, or refresh cycle time te 220 260 330 ns 
Access time from CE tcEA 120 150 200 ns (Note 5) 
Data off time from CE tcez 30 35 45 ns (Note 6) 
Access time from OE toe 45 «6S 70 ns (Note 5) 
Data off time from OE toez 30 35 45 ns (Note 6) 
CE pulse width tee 120 10000 150 10000 200 10000 ns 
CE precharge time tp 90 100 20 °° | ns 
Address setup time to CE tasc 0 0 0 ns 
Address hold time from CE tac 35 45 , 55 ns 
CS setup time to CE tesc: 0 0 0 _ ns 
CS hold time from CE tcuc 35 45 55 ns 
Data setup time to CE, early write tosc -10 -10 -10 ns 
Data hold time from CE, early write toHc 90 100 120 ns 
Data setup time to WE, late write tosw -0 0 0 ns 
Data hold time from WE, late write toHw 50 60 70 ns 
WE setup time to CE, early write twsc -30 ~30 -30 ns (Note 7) 
WE hold time from CE, early write twc 90 100 125 ns 
WE pulse duration two 60 70 9 ly ns 
CE hold time from WE, late write tonw 90 105 135 ns 
WE setup time to CE, read cycle trcs 0 0 0 ns 
WE hold time from CE, read cycle tRCH 0 0 0 ns 
CE hold time from OE, read cycle tcHo 45 55 70 ns 
OE setup time to CE, write cycle tos 0 0 0 ns 
OE hold time from CE, write cycle toeH 0 0 0 ns 
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AC Characteristics (cont) 
Ta =0to +70°C, Vog =5V +10% 























Limits 

~_wPoatee-12 _—_—(Da168-15 _—«sPDAY08-20 as 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
CE delay to RFSH, pulse refresh tcrp 50 65 80 ns 
RFSH pulse width, pulse refresh trop 50 4000 65 4000 80 4000 ns 
RFSH recovery time, pulse refresh trpr 90 100 120 ns — 
RFSH pulse width, self refresh trps 40 40 40 us (Note 8) 
RFSH recovery time, self refresh trsp 2 2 2 us 
CE hold time from RFSH, self refresh —tegy 40 40 40 us 
CE setup time to RFSH, self refresh toss 35 40 50 ns 
Transition time, rise and fall ty 3 50 3 50 3 50 ns (Note 4) 
Refresh period trer 2 2 2 ms 
RFSH precharge time trp 90 100 120 ns 
GE lead time to refresh cycle toeL 170 210 260 ns 
WE lead time to refresh cycle tweL 170 210 260 ns 
RFSH setup time to CE tre 280 320 410 ns 
Note: 


(1) All voltages referenced to GND (OV). 


(2) An initial pause of 2ms is required after power up, followed by any 8 GE cycles and 64 RFSH cycles before proper device operation is achieved. 
Read, write, and external refresh cycles may be used as CE dummy cycles for initialization. The 64 refresh dummy cycles can be performed before 
or after the 8 CE dummy cycles. Both dummy cycles must be within AC parameters. See figure 1, below. 


(3) AC measurements assume ty = 5ns. 

(4) Vin (min) and Vit (max) are reference levels for measuring input signal timing. Transition times are measured between Vj, and Vj,. 

(5) Load = 2 TTL loads and 50 pF. 

(6) tcez (max) and togz (max) define the time at which the output achieves the open circuit condition and are not referenced to Voy Or VoL. 
(7) twsc<twsc (min), the cycle is a late write cycle. ; 

(8) A power down self-refresh cycle is initiated when the RFSH input is active low for a period of 40us. The refresh interval is about 15.6 us. 


Figure 1. Power-up Dummy Cycles 
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Timing Waveforms 
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Early Write Cycle 
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Timing Waveforms (cont) 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The NEC »PD42832 is a 32,768-word by 8-bit CMOS 
XRAM, designed to operate from a single +5V power 
supply. The NEC pPD42832 is termed an XRAM because 
it Incorporates some of the best features of both 
SRAMs (non-multiplexed addresses, simple interface 
requirements) and DRAMs (the one-transistor core cell 
provides high density at low cost). Advanced circuitry, 
including sense amplifiers, provides wide operating 
margins and low power dissipation while maintaining 
high performance. 


The incorporation of an internal refresh address 
counter and refresh multiplexer allows selection of 
one of three refresh modes. The self-refresh mode 
provides transparent refresh without system overhead. 


The pulse refresh mode utilizes the internal refresh 
address counter; external refresh cycles use the 256 
address combinations of Ag-A7. 


Features 


C) 32,768-word by 8-bit organization 
O Single +5 V +10% power supply 
CO TTL/CMOS-compatible 
CO Low power dissipation: 
1.0 mA (standby, CE = OE/RFSH = Vj) 
0.5 mA (standby, CE = OE/RFSH = Vpp) 
100 WA (self-refresh, uPD42832-L) 
O Available cycle types: 
Memory cycles: read, write, read/modify/write 
Refresh cycles: external refresh, pulse refresh, 
self-refresh 
CO 28-pin ROM-compatible plastic DIP (uPD42832C) 
O 28-pin plastic miniflat package (uPD42832G) 


Performance Ranges 


Access Cycle Power Supply 
Device Time Time Active Standby 
uPD42832-10 100 ns 160 ns 60 mA 0.5mA 
uPD42832-12 120 ns 190 ns 50 mA 0.5 mA 
uPD42832-15 150 ns 235 ns 40 mA 0.5 mA 





yuPD42832 
32,768 x 8-BIT 
CMOS XRAM 


Pin Configuration 








83-001762A 


Pin Identification 


No. Symbol Function 

1-10, 21, 23-26 Ag-Ar4 Address inputs 

11-13, 15-19 1/09:!/07 Data inputs/outputs 
14 GND Ground 

20 CE Chip enable 

22 OE/RFSH Output enable/Refresh 
27 WE Write enable 

28 Vpp +5 V power supply 


Absolute Maximum Ratings 


Voltage on any pin (except Vpp) —1.0 V to +7.0 V 
Supply voltage, Vpp —1.0 V to +7.0V 
Short circuit output current, Ig 50 mA 
Power dissipation, Pp 1W 
Operating temperature, Topp 0°C to +70°C 
Storage temperature, TsTg —55°C to + 125°C 


Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absoiute maximum rating conditions for extended periods may affect 
device reliability. 





yuPD42832 
Block Diagram 
Refresh 


Address 
Counter 


VeB 
Generator 


Internal 
Clock 
Generator 


1024 Sense Amps 


Row 
Address 
Buffers 


Column 
Address 
Buffers 


256 x 1024 


Memory Cell Array 


Column Decoder 


DC Characteristics 
Ta = 0 to +70°C; Vpp = 5.0 V + 10% 


Limits 


ee Test 
Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Vpp 45 5.0 5.5 V 
Input high voltage Vi 2.4 5.5 V 
Input low voltage Vi  —1.0 0.8 V 
Standby current — Ippo 10 mA rs OE/RFSH 
= VIH 
Standby current — Ippo 0.5 mA CE=0E/RFS 
= Vpp 
Self refresh lpp3 (1) mA OE/RFSH=O0V, 
CE = Vop 
Input leakage hay —10 10 pA Viy=0t0 5.5V, 
current -all other pins not 
under test =0V 
1/0 leakage loa) 10 10 = pA 1/0 =High-Z, 
current Vout = 0 to 5.5 V 
Output high VoH 2.4 Vpp V lon=—1.0mA 
voltage 
Output low Vor 0 0.4 Vio =4.0 mA 
voltage 
Note: 


(1) wPD42832C-10/12/15, wPD42832G-10/12/15: Ippg = 1.5 mA; 


uPD42832C-10L/12L/15L, uPD42832G-10L/12L/15L: 
Ipp3 = 0.1 mA; 
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Capacitance 
Ta = 25°C, f = 1 MHz 

Limits 
Parameter Symbol Min Typ Max Unit 
1/0 capacitance Cio 10 pF 
Inputcapacitance C7 pF. 
Truth Table 
Mode CE WE OE/RFSH 1/0 PIN 
Standby High X High High-Z 
Refresh High X Low High-Z 
Read Low High Low Dout 
External refresh Low High High High-Z 
Write Low Low High Din 


NEC uUPD42832 


AC Characteristics 
Ta = 0°C to +70°C; Vpp = 5.0 V £10% 





uPD42832-10 uPD42832-12 2#PD42832-15 
Parameter Symbol Min Max Min Max Min Max Unit 
Operating current(1) Ipp1 60 50 40 mA 
Refresh current(2) Ipp4 60 50 40 mA 
Pulse refresh current(3) Ipps 60 50 40 mA 
Random read or write cycle time tac 160 190 235 ns 
CE access time tcEA 100 120 150 ns 
Chip disable to output in high-Z tcHz 0 30 0 35 0 40 ns 
OE access time toga 30 35 40 ns 
Output disable to output in high-2Z touz 0 30 0 35 0 40 ns 
CE to output in low-Z toLz 10 10 10 ns 
OE to output in low-Z toLz 5 5 5 ns 
Transition time (rise and fall) tr 3 50 3 50 3 50 ns 
CE precharge time tp 50 60 75 ns 
CE pulse width tce 100 10000 120 10000 150 10000 ns 
Address setup time before CE low tasc 0 0 0 ns 
Address hold time after CE low taHc 25 30 40 ns 
OE hold time after CE low touc 0 0 0 ns 
OE setup time before CE low tosc 10 10 10 ns 
Read command setup time before trcs 0 0 0 ns 
CE low 
Read command hold time after tRcH 0 0 0 ns 
CE high 
Write command hold time after CE low twcH 70 85 105 ns 
Write command pulse width twe 70 85 105 ns 
Write command to CE lead time tow 70 85 105 ns 
Data setup time before WE high tosw 60 75 95 ns 
Data hold time after WE high tpHw 0 0 0 ns 
Data setup time before CE high tpsc 60 75 95 ns 
Data hold time after CE high touc 0 0 0 ns 
WE to output in high-Z twuz 0 30 0 35 0 40 ns 
Output active from end of write twiz 10 10 0 ns 
Read/Write cycle time trwe 250 295 365 ns 
CE to RFSH delay time tRFD 50 60 75 ns 
RFSH pulse width in pulse refresh teap 80 1000 80 1000 80 1000 ns 
RFSH precharge time trp 30 30 30 ns 
Pulse refresh cycle time tre 160 190 235 ns 
RFSH to CE setup time after pulse tFcE 190 225 275 ns 
refresh 
RFSH to CE delay time after pulse tesp 80 95 115 ns 
refresh 
RFSH pulse width in self refresh tras 8000 8000 8000 ns 
RFSH to CE delay after self refresh ters 190 225 275 ns 
Refresh period tREF 4 4 4 ms 
Note: (1) tag = tac (min); lo =OmA (2) tac = tac (min); OE/RFSH = WE = Vy (3) tec = tec (min); CE = Vin 


uPD42832 


Timing Waveforms 


Read Cycle 
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Write Cycle 
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External Refresh Cycle 
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Pulse Refresh Cycle 
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Self Refresh Cycle 
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Timing Waveform (cont) 
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MOS STATIC RAMs 


MOS STATIC RAMs N: E Cc 


Section 7 — MOS Static RAM Page 
yuPD446 2,048 x 8-Bit Static CMOS RAM ........ cece cceccceeeceeeeeteeeenaeees 7-1 
uPD449 2,048 x 8-Bit Static CMOS RAM ........ cece ceecceteceeeeeteeeeeneeens 7-5 
uPD2147A 4,096 x 1-Bit Static NMOS RAM ...... ccc ceccceccceeteeceeneeeeteecenes 7-9 
uPD2149 1,024 x 4-Bit Static NUOS RAM ........cccecceeceeeceeeceeeeneceneens 7-13 
uPD4016 2,048 x 8-Bit Static NMOS RAM .........ceccceeecceeeceeeeeeuncesenes 7-17 
yPD4311 16,384 x 1-Bit Static MIX-MOS RAM .......cccseccecceecceeeeereeecees 7-21 
yPD4314 4,096 x 4-Bit Static MIX-MOS RAM .........cccccecceeceeeeenceenenees 7-25 
uPD4361 65,536 x 1-Bit Static MIX-MOS RAM ........cceccceeecceeeeeeeceeneres 7-29 
uPD4362 16,384 x 4-Bit Static MIX-MOS RAM ........cccceeecceeeereeeceeeeenas 7-35 
uPD4364 8,192 x 8-Bit Static MIX-MOS RAM ........cccecceecencceneceetaeeeaes 7-39 
uPD4464 8,192 x 8-Bit Static CMOS RAM ...... ccc cecceec cee ceeceeeeeeetaeseues 7-45 
uPD43256 32,768 x 8-Bit Static MIX-MOS RAM .......ccceeccceecceeeeecuneeneues 7-51 
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NEC 


NEC Electronics Inc. 


uPD446 
2,048 x 8-BIT 
STATIC CMOS RAM 


Revision 3 





‘ Description 


The pPD446 is a high-speed, low-power, 2048-word by 8- 
bit static CMOS RAM fabricated with advanced silicon- 
gate CMOS technology. A unique circuitry technique 
makes the p.PD446 a very low operating power device 
which requires no clock or refreshing to operate. Mini- 
mum standby power current is drawn by this device 
when CS equals Vcc independently of the other input 
levels. Data retention is guaranteed at a power supply 
voltage as low as 2V. 


The »PD446 has a standard 24-pin dual-in-line package 
and is plug-in compatible with 16K EPROMs. 


The uPD446 is also packaged in a miniflat package pro- 
viding high density application. 








Features 
C] Single +5V supply 
O) Fully static operation — no clock or refreshing 
required 
O TTLcompatible — all inputs and outputs 
XO Common 1/0 using three-state output 
O OE eliminates need for external bus buffers 
C] Max access/min cycle times down to 150 ns 
C1 Low power dissipation 
— Active: 38mA max 
— Standby: 10 yA max 
O Data retention voltage: 2V min 
C} Operating temperature range: — 40°C to +85°C 
QO) Standard 24-pin plastic package 
(uPD446C) 
C) Plug-in compatible with 16K EPROMs (uPD446C) 
LC) Miniflat package for high density application 
(uPD446G) 
C] Lversion 


— Standby current 1.0 nA max at 60°C 
for battery backup operation 


Pin Configuration 


83-001639A 





Pin Identification 

No. Symbol Function 
1-8, 19, Ag-Ayo Address input 

22, 23 

9-11, 13-17 1/04-1/ 0 Data input/output 

18 ts Chip select 

20 OE Output enable 

21 WE Write enable 

24 Voc Power ( +5 V) 

12 GND GND 


Performance Ranges 


gray das Power Supply (Max) 
Device (Max) (Min) Active Standby 
uPD446C-3, 4466-15 150 ns 150 ns 38mA (Note 1) 
vPD446C-2, 4466-20 200ns =. 200 ns 30mA (Note 1) 
HPD446C-1, 4466-25 250ns 250ns 26mA _(Note 1} 
pPD446C, 4466-45 450ns  450ns 18mA (Note 1) 


Note: 
(1) pPD446C-L/-1L/-2L/-3L, pPD446G-45L/25L/20L/15L 
Ta = 25°C, 0.2 pA 
Ta = 60°C, 1.0pA 
Ta = 85°C, 10 uA 
pPD446C/-1/-2/-3, uPD446G-45/25/20/15 
Ty = 25°C, 1.0 nA 
Ty = 60°C, 5.0pA 
Ta = 85°C, 10 uA 





uPD446 


Block Diagram 


Cell Array 
128 Rows 
128 Columns 


fl Sense Switch Output 
i Data 


Contro! 


Absolute Maximum Ratings 


Powersupply voltage, Veg =S=s=i“‘(‘(sété*é*é‘;é‘;‘~;*;*«SCO 
Input voltage, Vipy -0.3 to Veg +0.3V 
Output voltage, Voyrt —0.3 to Veg +0.3V 
Operating temperature, Topp —40 to 85°C 
Storage temperature, TsTg —55 to 125°C 


Comment: Exposing the device to stresses above those listed in Abso- 


lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


Capacitance 
Ta = 25°C, f =1MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Cin 6 pF Vin=OV 
capacitance 
Input/output Cy /9 8. pF Vizg=0V 
capacitance 
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Recommended DC Operating Conditions 
Ta= —40 to +85°C 


Limits 
Parameter Symbol Min Typ Max Unit 
Supply voltage Veco 4.5 5.0 5.5 V 
Input voltage low Vi “-0.3 0.8 Vv 
Input voltage high Vin 2.2 Veo +0.3 V 
DC Characteristics 
Ta = — 40 to 85°C, Vog =5V 410% 
ao Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input leakage =I 1 HA Vin=0V to Voc 
current 
1/0 leakage ILo 1 vA Viso=0V to Voc 
current CS=Viy or 
OE=Vjy or 
WE=Vip 
Operating locat (1) (1) mA CS=Vy, 
supply current I17o=0V min 
cycle 
Operating loca2 5 10 mA CS=Vj,, 
supply current I7o=0V DC 
current 
Standby supply I¢gs 0.02 (2) pA CS=Vo-0.2V, 
current Vin=0V to Voc 
Output voltage VoL 0.4 Vs lop =2.0mA 
low 
Output voltage Voy 2.4 Vo lon=—-1.0mA 
high 
Notes: 


(1) uPD446C-3/3L, .PD446G-15/15L: 25 mA typ, 38 mA max 
yuPD446C-2/2L, uPD446G-20/20L: 20 mA typ, 30 mA max 
yuPD446C-1/1L, uPD446G-25/25L: 18 mA typ, 26 mA max 
uPD446C/-L, phPD446G-45/45L: 12 mA typ, 18 mA max 

(2) pPD446C-L/-1L/-2L/-3L , p~PD446G-45L/25L/20L/15L 

Ta = 25°C, 0.2 pA 
Ta = 60°C, 1.0 pA 
Ty = 85°C, 10 uA 
puPD446C/-1/-2/-3, uPD446G-45/25/20/15 
Ta = 25°C, 1.0 uA 
Ty = 60°C, 5.0 pA 
Ta = 85°C, 10 uA 
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AC Characteristics 
Ta = ~ 40 to 85°C, Vog =5 V 410% 























uPD446C-3 uPD446C-2 uPD446C-1 uPD446C 
pPD4466-15 pPD446G-20 uPD446G-25 pPD446G-45 
Parameter Symbol Min Max Min Max Min Max Min Max Unit 
Read Cycle 
Read cycle time tac 150 200 250 450 ns 
Address access time tan 150 200 250 450 ns 
Chip select access time tacs 150 200 250 450 ns 
Output enabie to output valid toe 15 100 120 150 ns 
Output hold from address change tou 15 15 15 ; ale) ns 
Chip select to output in Lo-Z teLz 10 10 10 10 ns 
Output enable to output in Lo-Z toLz 5 5 5 5 ns 
Chip deselect to output in Hi-Z toHz 50 60 80 100 =~ sons 
Output disable to output in Hi-Z touz 50 60 80 100 ns 
Write Cycle 
Write cycle time twe 150 200 250 450 ns 
Chip select to end of write tew 120 150 180 210 ns 
Address valid to end of write taw 120: 150 180 210 ns 
Address setup time tas 0 0 0 0 ns 
Write pulse width twe 90 120 150 180 ns 
Write recovery time twa 0 0 0 0 ns 
Data valid to end of write tow ~ 50 60 80 100 ns 
Data hold time toy 0 0 0 0 ns 
Write enable to output in Hi-Z twuz 50 60 80 100 ns 
Output active from end of write tow 10 10 10 10 ns 
AC Test Conditions Timing Waveforms 
Inputpuselevels = SSstst*~=<“its~=~*é=‘—*~*~*~*~*~*~*~*~*~«t TOV 
Input pulse rise and fall time 10ns Read Cycle No.1 
Timing reference levels 1.5V 
Output load 1TTL + 100 pF 
Truth Table 
cS 4«4+OF WE MODE 10 lec 

H X X Not selected Hi-Z Standby 

L H H Not selected Hi-Z Active : PEE cebmtan 

L L H Read Dout Active 83-0016414 

L X L Write Din Active 
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Timing Waveforms (cont) 


Read Cycle No. 2 


Notes: : 
(1) WEis high for read cycles. 
(2) Address valid prior to or colncident with CS transition low. 


Write Cycle No. 1 


7 Parag 

— 
AAAS 

a 


MD MT a a a a 
LALA AAAAS 


acai a 
(RK AXXXXXXXXXX 
Notes: 
(1) WE must be high during alll address transitions. 
(2) Awrlte occurs during the overlap of a low CS and a low WE. 
(3) twr is measured from the earller of CS or WE going high to the end of write cycle. 


(4) If the CS tow transition occurs simultaneously with or after the WE low transition, 
output buffers remain in a high impedance state. 
83-001643A 


Write Cycle No. 2 


(KOO O0OX 
ra DAAAAAAAALL 


Notes: 

(1) WE must be high during all address transitions. 

(2) Awrite occurs during the overlap of a low CS and a low WE. 

(3) twr Is measured from the earlier of CS or WE going high to the end of write cycle. 


If the CS low transition occurs simultaneously with or after the WE low transition, 
output buffers remain in a high Impedance state. 


(5) OE Is continuously low. 
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Low Vec Data Retention Characteristics 
Ta = — 40 to 85°C 








Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Dataretention VccpR 2.0 V. Vin=0V to Voc, 
supply voltage CS=Voc 
Dataretention  Iccpr 0.01 = (1) pA Vin=0V to Voc, 
supply current CS=Vec, 

Vec=3.0V 

Chip deselection tcpr 0 ns 
to data retention 
mode 
Operation tr tre ns 
recovery time 
Note: 


(1) u«PD446C-L/-1L/-2L/-3L , uPD446G-45L/25L/20L/15L 
Ta = 25°C, 0.2 pA 
Ty = 60°C, 1.0 pA 
Ta = 85°C, 10 pA 
uPD446C/-1/-2/-3, wPD446G-45/25/20/15 

Ta = 25°C, 1.0 nA 
Ta = 60°C, 5.0yA 
Ta = 85°C, 10 pA 


Low Vcc Data Retention 
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NEC Electronics Inc. 


Description 


The pPD449 is a high-speed, low-power, 2048-word by 8- 
bit static CMOS RAM fabricated with advanced silicon- 
gate CMOS technology. A unique circuitry technique 
makes the p.PD449 a very low operating power device 
which requires no clock or refreshing to operate. Since 
the device has two chip enable inputs, it is suited for 
battery backup applications. Minimum standby power 
Current is drawn by this device when CE, or CE equals 
Voc independently of the other input levels. Data reten- 
tion is guaranteed at a power supply voltage as low as 
2V. 


The uPD449 has a standard 24-pin dual-in-line package 
and is plug-in compatible with 16K EPROMs. 


Features 


Single +5 V supply 
Fully static operation — no clock or refreshing 
required 
TTL compatible — all inputs and outputs 
Common I/O using three-state output 
Two chip enable inputs for battery backup — 
application 
Max access/min cycle times down to 150 ns 
Low power dissipation, 
— Active: 38 mA max 
—~ Standby: 10 pA max 
Data retention voltage: 2 V min 
Operating temperature range: — 40 to +85°C 
Standard 24-pin plastic package 
Piug-in compatible with 16K EPROMs 
L version , 
— Standby current 1.0 vA max at 60°C 
for battery backup operation 
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uPD449 
2,048 x 8-BIT 
STATIC CMOS RAM 


Revision 4 


Pin Configuration 


83-001645A, 


Pin Identification 


No. Symbol Function 
1-8, 19, Ao-Aio Address input 

22, 23 

9-11, 13-17 1/04-1/0g Data input /output 

20, 18 CE,, CE» Chip enable input 

21 WE Write enable input 

24 Vec Power ( +5 V) 

12 GND GND 


Performance Ranges 


Access Cycle 


Time Time Power Supply (Max) 
Device (Max) (Min) Active Standby 
yPD449C-3 150 ns 150 ns 38mA (Note 1) 
pPD449C-2 200 ns 200 ns 30mA (Note 4) 
uPD449C-1 250ns 250ns 26mA _ (Note 1) 
pPD449C 450ns_ . 450ns 18mA (Note 1) 
Note: 


(1) pPD449C-L/-1L/-2L/-3L 
Ta = 25°C, 0.2 uA 
Ta = 60°C, 1.0 nA 
Ta = 85°C, 10 pA 
puPD449C/-1/-2/-3 
Ta = 25°C, 1.0 uA 
Ta = 60°C, 5.0 pA 
Ta = 85°C, 10 pA 
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uPD449 
Block Diagram 


Address 
Buffer 


Absolute Maximum Ratings 
Power supply voltage, Voc 
Input voltage, Viny 
. Output voltage, Vout 
Operating temperature, Topa 
Storage temperature, Tstg 


Row 
Decoder 


Input 
Data 
Control 


7.0V 

-0.3 to Veg +0.3V 
-0.3 to Voc +0.3V 
—40 to +85°C 

—55 to +125°C 


Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 


device reliability. 


Capacitance 
Ta = 25°C, f=1MHz 
Limits 

Parameter Symbol Min Typ Max 
Input Cin 6 
capacitance 

Input/output C/o 8 
Capacitance 


Test 
Conditions 


Vin=OV 


Viso=0V 


Cell Array 
128 Rows 
128 Columns 


Data 
Control 


Column ? 
Decoder 


Address 
Buffer 


NEC 


83-001646B 





Recommended DC Operating Conditions 


Ta = —40 to +85°C 


Parameter Symbol Min 
Supply voltage Voc. 4.5 
Input voltage low Vit ~0.3 
Input voltage high Vin 2.2 
Truth Table 
CE; CE, WE MODE 

X H X Not selected 

H X X Not selected 

L L H Read 

L L L Write 
AC Test Conditions 


Input pulse levels 

Input pulse rise and fall time 
Timing reference levels 
Output load 


Limits 


Typ 
5.0 


110 

Hi-Z 
Hi-Z 
Dout 
Din 


Unit 
5.5 V 
0.8 V 

Voc + 0.3 V 


Icc 
Standby 
Standby 

Active 
Active 


0.810 2.2V 
10ns 
1.5V 

1TTL +100 pF 
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uPD449 
DC Characteristics DC Characteristics (cont) 
Ta = — 40 to +85°C, Voc = 5V 410% Ta = —40 to +85°C, Voc =5V+10% 
Limits Test Limits Test 

Parameter Symbol Min Typ Max — Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 
Input leakage — I, 1 KA Vin=0V to Voc Output voltage Vo, 0.4 Vo Igp=2.0mA 
current low 
1/0 leakage ILo 1 BA Visg=0V to Vcc, Output voltage Voy 2.4 Vs loH=—1.0mA 
current CE, or CEp = Vin high 

or WES Vi Notes: 
Operating lecat (1) (1) mA CE, and CEo=Vj,, (1) uPD449C-3/3L, 25 mA typ, 38 mA max 
supply current lio = 90, min pPD449C-2/2L, 20 mA typ, 30 mA max 

cycle yuPD449C-1/1L, 18 mA typ, 26 mA max 
Operating teens 5 10 mA CE, and th =V, pPD449C/-L, 12 mA typ, 18 mA max 
supply current iio = 0 DC (2) pPD449C-L/-1L/-2L/-3L 

current Ta = 25°C, 0.2 uA max 

nite Ty = 60°C, 1.0 nA max 
Standby supply gg 0.02 = (2) vA CE; or Ta = 85°C, 10 pA max 
current CE22Voc—-0.2V, pPD449C/-1/-2/-3 

other CE input < Ta = 25°C, 1.0 nA max 

0.2Vor2Vec Ty = 60°C, 5.0 nA max 

—0.2V, Viyn=OV Ta = 85°C, 10 nA max 

to Vec 
AC Characteristics 
Ta = —40 to +85°C, Vog = 5V+10% 

uPD449-3 uPD449-2 uPD449-4 uPD449 

Parameter Symbol Min Max Min Max Min Max Min Max Unit 
Read Cycle 
Read cycle time tre 150 200 250 450 ns 
Address access time ta 150 200 250 450 ns 
Chip enable (CE,) to output valid tooi 150 200 250 - 450 ns 
Chip enable (CEs) to output valid tco2 150 200 250 450 ns 
Output hold from address change tou 5 15 15 15 ns 
Chip enable (CE,) to output in Lo-Z tz 5 5 5 5 ris 
Chip enable (CEp) to output in Lo-Z tLz0 5 5 5 5 ns 
Chip enable (CE) to output in Hi-Z tyz4 50 60 80 100 ns 
Chip enable (CEs) to output in Hi-Z tyz2 50 60 80 100 ns 
Write Cycle 
Write cycle time twe 150 200 250 450 ns 
Chip enable (CE,) to end of write towt 120 150 180 210 ns 
Chip enable (CE) to end of write tcw2 120 150 180 210 ns 
Address setup time taw 0 0 0 0 ns 
Write pulse width twe 90 120 150 180 ns 
Write recovery time twr 0 0 0 0 ns 
Data valid to end of write tow 50 60 80 100 ns 
Data hold time toy 0 0 0 0 ns 
Write enable to output in Hi-Z twz 50 60 80 100 ns 
Output active from end of write tow 10 10 10 10 ns 
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Timing Waveforms Low Vcc Data Retention Characteristics 
Ta = —40to +85°C 
Read Cycle (Address Access) Limits am 
Parameter Symbol Min Typ Max Unit Conditions 
Dataretention Vecpr 2.0 VV Vin=OV to Voc, 
supply voltage CE; or CEp= Voc 
Address i ten 
Data retention Iccpr 0.01 = (1) pA Vin=OVto Voc, 
supply current CE, or CEp= Voc, 
other CE in- 
put=OV or Voc, 
Vin=0V to Veo, 
Vec=3.0V 
Chip deselection topr 0 ns 
to data retention 
mode 
Operation tr tre ns 
recovery time 
Note: 


(1) hPD449C-L/-1L/-2L/~3L 

Ty = 25°C, 0.2 vA max 

Ta = 60°C, 1.0 «A max 
= 85°C, 10 vA max 

pPD449C/-1/-2/-3 

Ta = 25°C, 1.0 nA max 

Ty = 60°C, 5.0 vA max 

Ty = 85°C, 10 vA max 


83-001647A 





Write Cycle (Address Access) Data Retention Timing Chart 


Data Retention_, |. R 


+tcpRe|<— 
SOR Mode 


Addregs 


Voec(5.0V) 
4.5 


ce AAS WANLLLLLLLL 


sss” acm 
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NEC 


NEC Electronics Inc. 


Description 

The »PD2147A is a 4096-bit static Random Access Memory 
organized as 4096 words by 1 bit, using a scaled MOS tech- 
nology. It uses a uniquely innovative design approach which 
provides the ease-of-use features associated with non- 
clocked static memories and the reduced standby power dis- 
sipation associated with clocked static memories. To the user 
this means low standby power dissipation without the need for 
clocks, address setup and hold times, nor reduced data rates 
due to cycle times that are longer than access times. 

cs controls the power-down feature. In less than a cycle time 
after CS goes high — deselecting the 4PD2147A — the part 
automatically reduces its power requirements and remains in 
this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great 
as 85% in larger systems, where the majority of devices are 
deselected. 

The .PD2147A is placed in an 18-pin cerdip package config- 
ured with the industry standard 2147 pinout. It is directly TTL 
compatible in all respects: input, output, and a single + 5V 
supply. The data is read out nondestructively and has the 
same polarity as the input data. A data input and a separate 
three-state output are used. 


Features 


Pinout, Function, and Power Compatible to Industry 
Standard 2147 

Scaled MOS Technology 

Completely Static Memory — No Clock or Timing 
Strobe Required 

Equal Access and Cycle Times 

Single + 5V Supply 

Direct Performance Upgrade for 2147 

Automatic Power-Down 

High Density 18-Pin Package 

L] Directly TTL Compatible — All Input and Output 
(_] Separate Data Input and Output 

] Three-State Output 

L] 3 performance ranges: 





OOOOO OO O 


uPD2147A 
4,096 x 1-BIT 
STATIC NMOS RAM 


Revision 1 


Pin Configuration 





Pin Identification 
Pin 




















Supply Current 
Revice Pion ee Active Standby 
u.PD2147A-25 25 ns 160 mA 20mA 
»PD2147A-35 35 ns 160 mA 20 mA 
».PD2147A-45 45 ns 160 mA 20mA 
Truth Table 
cs ‘WE Mode Output Power 
H X Not Selected High Z Standby 
L L Write HighZ Active 
L H Read Dout Active 











—_——— Function 
No. Symbol 
1617120 AA Address Inputs 
ere. lee Pour ata Output 
o2 WE = Write Enable _ 
_ 9 GND Ground 
10 cs Chip Select 
11 Ow Data Input _ 
18 Veco Power (+5V) 





Memory Array 
64 Rows 
64 Columns 


Ae A, Ag Ay Axo An 
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Absolute Maximum Ratings* 

















Operating Temperature —10°C to + 85°C 
Storage Temperature — 65°C to + 150°C 
Voltage on Any Pin -3.5V to +7VO 
DC Output Current 20mA 
Power Dissipation 12W 





Note: © with respect to ground 


*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause permanent 
damage. The device is not meant to be operated under con- 
ditions outside the limits described in the operational sections 
of this specification. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


DC and Operating Characteristics 
Ta= OC to + 70°C; Veg = +5V + 10%O 
Limits 





























———eeenaneneais Test 
Parameter Symbol Min Typ® Max Unit Conditions 
Input Load = oo 
Current (All hy gee: 40. - ph fee Sn ONO 
Input Pins) ce 
Output Leakage CS = Vins Voc = Max, 
Current ho 0.01 = 10) HA Vou = GND to Voc 
T, = 25°C Voc = Max, 
Operating Current lee 120 150 mA =Vip 
160 mA T,=0°C Output Open 
Voc = Min to Max, 
I 12 20 A nee ? 
Standby Current ISB m “a = Via 
Vec = GND to Voc = Min 
Peak Power-On leo® 25 50 mA CS=LowertoVecor 
Current / 
Vin Min 
Input Low : 
Voltage Viv 3.0 0.8 Vv 
Input High 
Voltage Vin 2.0 6.0 Vv 
Output Low Le 
Voltage Vou 0.4 Vo Io = 8mA 
Output High ee 
Voltage Von 2.4 Vv lon = — 4.0mA 
Output Short - 
-Cireult Current los +130 MA Vout = GND to Voc 





Notes: © The operating ambient temperature range is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
® Typical limits are Voc = 5V, T, =_+ 25°C, and specified loading. 
® Apull-up resistor to Voc on the CS input is required to keep the device deselected; 
otherwise, power-on current approaches Icc active. 
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AC Test Conditions 
Input Pulse Levels GND to 3.0V 
Input Rise and Fall Times 5ns 
input Timing Reference Levels 1.5V 
Output Timing Reference Levels 1.5V 
Output Load ae See Figure 1 
Capacitance 
Ta = 25°C; f = 1.0 MHz® 

Limits Test 

Parameter Symbo! Min Typ Max Unit Conditions 

Input Capacitance Cw 5 pF Vin = OV 
Output Capacitance Cour ' 6 pF Vour = OV 





Note: © This parameter is sampled and not 100% tested. 


Figure 1. Loading Conditions Test Circuit 


30pF 
(Including 
Scope and Jig) 


Figure 2. Input Pulse Test Circuit 





pPD2147A 





AC Characteristics 

Read Cycle 

Ta= O°Cto + 70°C; Voc = +5V + 10%, unless otherwise 
noted. 





Limits 
»PD2147A-25 .PD2147A-35 ,.PD2147A-45 





Test 


























Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Read Cycle Time tac® 25 35 45 ns 
heuer ies taa 25 35 45 ns 
acer Tie tacs 25 35 45 ons 
jorbo gall ton 5 5 5 ns 
pablderpeat hey z tiz® 5 5 5 ns ® 
pAb arts ° 2 0 20 +o 30 oO 30 ns © 
ponents te thu 0 0 0 ns 
pomecoowe tine te 20 20 20m 





Timing Waveforms 


Read Cycle No. 1 ©© 


tac 


Address 


Data Valid 





Supply oe 50% | 


Current 


Notes: 

® All Read Cycle timings are referenced from the last valid address to the first transitioning 
address. 

® At any given temperature and voltage condition, tz max is less than t_z min, both for a given 
device and from device to device. 


® Transition is measured + 200mV from steady state voltage with specified loading in Figure 2. 
@ Transition is measured at Vo, + 200mV and Voy, — 200mV with specified loading in Figure 2. 


® WEishighforReadCycles. __ 
© Device is continuously selected, CS = Vi.__ 
@ Addresses valid prior to or coincident with CS transition low. 









































Write Cycle 
Limits 
pPO2147A-25 .PD2147A-35 .PD2147A-45 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Write Cycle Time@ — twe 25 35 45 ns 
Chip Selection to 
End of Write tow 28 i aS ne 
Address Valid to 
End of Write taw 25 35 45 ns 
Address Setup Time tas 0 0 0 ns 
Write Pulse Width twe 20 20 25 ns 
Write Recovery Time twr 0 0 0 ns 
Data Valid to 
End of Write tow 20 20 25 ns 
Data Hold Time ton 10 10 10 ns 
Write Enabled to 
O tin High Z twz 0 615 0 20 o 25 ns @ 
Output Active From 
End of Write tow ” 5 : id i 





Write Cycle No. 1 (WE Controlled) © 






High Impedance 





Data Out Data Undefined 









High impedance 


Data Out Data Undefined 


Notes: 

@® ifCS goes high simultaneously with WE high, the output remains in a high impedance state. 

® All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
® Transition is measured at Vo, + 200mV and Vo, — 200mV with specified loading in Figure 2. 

@ Transition is measured + 200mV from steady state voltage with specified loading in Figure 2. 

® CS or WE must be high during address transitions. 
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NEC 


NEC Electronics Inc. 


Description 


The wPD2149 is a 4096-bit static Random Access 
Memory organized as 1024 words by 4 bits. Using a 
scaled NMOS technology, it incorporates an innovative 
design approach which provides the ease-of-use 
features associated with non-clocked static memories. 


The uwPD2149 is encapsulated in an 18-pin ceramic 
package configured with the industry standard pinout. 
It is directly TTL compatible in all respects: inputs, 
outputs, and a single +5 V supply. The data is read out 
non-destructively and has the same polarity as the 
input data. 


Features 


C1] Completely static memory - no clock or timing 
strobe required 

(J Equal access and cycle times, faster chip select 
access 

C] Single +5 V supply 

CO High density 18-pin package 

C] Directly TTL compatible - all inputs and outputs 

C] Common input and output 

C] Three-state outputs 

CO Power dissipation: 180 mA max 


Performance Ranges 


Address Access GS Access 
Device Time (Max) Time (Max) 
uPD2149-2 35 ns 15 ns 
uPD2149-1 45 ns 20 ns 
mPD2149 55 ns 25 ns 





uPD2149 
1,024 x 4-Bit 
STATIC NMOS RAM 


Revision 1 


Pin Configuration 


83-003558A 


Pin Identification 


No. Symbol Function 
1-7, 15-17 Ag-Ag Address inputs 

8 cs Chip select input 

9 GND Ground 

10 WE Write enable input 
11-14 1/04-1/04 Data input/output 
18 Vec +5 V Power supply 


Block Diagram 


Memory Celt 
Address Row Array 
Buffer Decoder 64 Rows 
64 Columns 


Output 
Data 
Control 


Address 
Buffer 


Ao Ai Ag Ag 


83-003559 
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Absolute Maximum Ratings 


Operating temperature, Toppa —10 to +85°C 
Storage temperature, TsT¢ —65 to +150°C_ 
Voltage on any pin —1.5 to +7.0V 
DC output current 20 mA 
Power dissipation, Pp 12W 


Comment: Exposing the device to stresses above those listed in 


Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DC Characteristics 
Ta =0 to 70°C; Vog = +5 V + 10% 


Limits Test 


Parameter Symbol Min Max Unit Conditions 
Input leakage lu +10 yA  Vin=GND to Voc 
current 

Output leakage Io +50 wA CS=Vin, 

current Vout = GND to 4.5 V 
Power supply —Icc 180 mA Vin=Vec, 
current 1/0 = open 

Input low ViL 0.8 V 

voltage 

Input high Vin 2.1 Vcc V 

voltage 

Output low VoL 04 2=V lo. =8 mA 

voltage 

QOutputhigh  . Voy 2.4 Vs lon =—4 mA 
voltage 

Output short los +200 mA 


Vout = GND to Vcc 
circuit current ; 


Note 


(1) The operating temperature range is guaranteed with transverse 
air flow exceeding 400 feet per minute. 
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Capacitance 
Ta = 25°C, f = 1 MHz 

Limits Test. 
Parameter Symbol Min Typ Max Unit Conditions 
Input Cin 5 pF Vin =0V 
capacitance 
Data output- Cpout 7: pF Vpour = 0 V: 
capacitance 
Note 


(1) These. parameters are sampled and not 100% tested. 


NEC uPD2149 


AC Characteristics 
Ta = 0 to 70°C: Vog = +5 V + 10% 














Limits 
yPD2149-2 puPD2149-1 p»PD2149 Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Read Cycie 
Read cycle time trc 35 45 55 ns 
Access time ty 35 45 55 ns 
Chip selection to output valid tco 15 20 25 ns 
Chip selection to output active tex 5 5 5 ns (Note 4) 
Output high-Z from deselection totp 10 15 20 ns (Note 3) 
Output hold from address change tou 5 5 5 ns 
Write Cycle 
Write cycle time twe 35 45 55 ns 
Chip selection to end of write tow 30 40 50 ns 
Address valid to end of write taw 30 40 50 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twe 30 35 40 ns 
Write recovery time twr 5 5 5 ns 
Data valid to end of write tow 20 20 20 ns 
Data hold time tou 5 5 x) ns 
Write enabled to output in high-Z twz 0 10 0 15 0 20 ns (Note 3) 
Output active from end of write tow 0 0 0 ns (Note 4) 
Notes: 
(1) AC test conditions: 

Input pulse levels = GND to 3.0 V, 

Input pulse rise and fall times = 5 ns, 

Timing reference levels = 1.5 V. See figures 1 and 2 for output load. 
(2) All read and write cycle timings are referenced from the last valid address to the first transitioning address. 
(3) Transition is measured at Vo, + 200 mV and Voy — 200 mV with loading shown in figure 2. 
(4) Transition is measured £200 mV from steady state voltage with loading shown in figure 2. 
Figure1. OutputLoad Figure 2. Output Load for tc,, torp, twz, and tow 


*Including Scope and Jig “including Scope and Jig 





Truth Table 
ts WE Mode 1/0 
H X Not selected Hi-Z 
L H Read Dout 
L L Write Hi-Z 
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Timing Waveforms 


Read Cycle No. 1 (Address Access) 


ton 


Dout Previous Data Valid Data Valid 
Note: 


[1] WE Is hetd high for read cycle. 
[2] Device Is continuously selected, CS = Vj.. 


Read Cycle No. 2 (Chip Select Access) 


‘co toro 


Ooik High-Z Wi) High-Z 


Notes: 
(1) WE Is held high for read cycle. 
[2] Address valld prior to or coincident with CS transition low. 








NEC 


Write Cycle No. 1 (WE Controlled) 


twz 


Note: 
(1] €S or WE must be high during address transition. 
[2] If CS goes high simultaneously with WE high, the outputs remain in a 
high-Impedance state. 
83-001637A 


Write Cycle No. 2 (CS Controlled) 


= Ds 


(i 
Data In Valid 


Note: [1] CS or WE must be high during address transition. 


83-001549A 


NEC 


NEC Electronics Inc. 


Description 

The »PD4016 is a 16,384-bit static Random-access Memory 
device organized as 2,048 words by 8 bits. Using a scaled 
NMOS technology, its design provides the ease-of-use fea- 
tures associated with nonclocked static memories. The 
w.PD4016 has a three-state output and offers a standby mode 
with an attendant 75% savings in power consumption. It fea- 
tures equal access and cycle times and provides an output 
enable function that eliminates the need for external bus buff- 
ers. The 4PD4016 is packaged in a 600-mil-wide standard 
24-pin dual-in-line package which is plug-compatible with 
16K EPROMS. 


Features 


L1 Scaled NMOS technology 
(J Completely static memory: no clock, no refresh 














uPD4016 


2,048 x 8-BIT 


STATIC NMOS RAM 


Pin Configuration 


Revision 3 












































() Equal access and cycle times 
U Single + 5V power supply Pin Identification 
(J Automatic power-down 
C Allinputs and outputs directly TTL-compatible = = a Description 
[J Common I/O capability — = 
Lj OE eliminates need for external bus buffers 22, 23 Ag Ato Address inputs 
[| Three-state outputs 9-11 eee Baan 
4 ‘ . ‘ - put/Output 
[1 Plug-compatible with 16K 5V EPROMS (600 mil) 13-17 ee z = 
TC Low power dissipation in standby mode Z oe ou 
2 * * ae 18 cs Chip Select 
(1 Available in a standard 24-pin dual-in-line package a SE = 
3 F utput Enable 
(600-mil width ) 21 WE Write Enable 
C] 4 performance ranges: 24 Vee +5V Power Supply 
R/W Power Supply 
Device pecese wee Active Standby Truth Table 
1 me ——— 
»PD4016C-1 250ns_ 250ns_ —-G0mA_—15mA oS es ne a 
y-PD4016C-2 200ns_ —s 200ns 60mA 15mA L.L.H Read Dour Active 
PD4016C-3 150ns 150ns 60mA 15mA L HL Write Dw Active 
uPD4016C-5 120ns 120ns 60mA 15mA LL Lt Write Ow Active 








Absolute Maximum Ratings* 
Temperature Under Bias 


-10°C to +85°C 





Storage Temperature, Ts7 


— 55°C to + 125°C 











Voltage on any Pin with Respect to Ground -1.5V to +7V 
DC Output Current, lo 20mA 
Power Dissipation, Pp 1W 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NEC 


uPD4016 


Block Diagram 





LL il 


irae 


r rrr 





aa | 
rate 
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Capacitance © 
Ta = 25°C; f = 1MHz 





Limits 
Symboi Min Typ Max = Unit 
Input Capacitance Cw 5 pF 
VO Capacitance Cryo 7 pF 


Test 
Conditions 


Vin = OV 
Vio = OV 


Parameter 








Note: © This parameter is sampled and not 100% tested. 


DC Characteristics 

Ta = O°C to + 70°C; Vec = 5V + 10% 
Limits 

Symbo! Min Typ 





Test 
Conditions © 


Veco = Max 
Vin = GND to Voc 


Parameter Max Unit 





Input Leakage Current =|, 10 pA 


AC Characteristics 
Ta = O°C to + 70°C; Voc = 5V + 10% 
Read Cycle 





Limits © 
4016-5 4016-3 4016-2 4016-1 


Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 


Read Cycle 
Time 
Address 
Access Time 
Chip Select 
Access Time 
Output Hold 
from Address toy 10 10 10 10 ns 
Change 


Chip Selection 
to Output tz 10 10 10 10 ns @@® 
in Low-Z 


tre 120 150 200 250 ns © 





taa 120 150 200 250 ns 





tacs 120 150 200 2:0 ns @ 











Vec = Max; cs = Vin 
Vour = GND to Voc 
Veco = Max; CS = Vin 
(outputs open) 


Veo = Min to Max; 
Isp 15 mA we Vu 


Input Low Voltage Vir 1.5 0.8 Vv 
Input High Voltage Vin 2.0 6.0 
Output Low Voltage Vo. 0.4 
Output High Voltage Von 2.4 Vv 


Output Short-circuit 
Current 


Output Leakage 


Current lo 10 nA 





Operating Current log 60 mA 





Standby Current 








< 





< 


lo. = 4mA 
lon = 1mA 








los 70 mA Vour = GND to Voc 





Note: © input pulse levels: 0.8V to 2.2V 
Input rise and fall times: 10ns 
Input timing reference levels: 1.5V 
Output timing reference levels: 1.5V 


Figure 1. Loading Conditions Test Circuit 





Figure 2. Input Pulse Test Circuit 





Chip 
Deselection 
to Output 

in High-Z 


Output Enable 
to Output toe 50 70 90 410 =ons 
Valid 


Output Enable 
to Output tovz 10 10 10 10 ns ® © 
in Low-Z 


Output Disable 

to Output touz 45 50 60 80 
in High-Z 

Chip Selection 

to Power-up _—tpy 0 0 0 0 ns © 
Time 

Chip 

Deselection t 
to Power-down (°° 
Time 


tuz 45 50 60 80 ns @© 




















60 70 90 110 ons ® 





Write Cycle 





Limits © 
4016-5 4016-3 4016-2 4016-1 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 
Write Cycle 
Time 


Chip Selection 
to End of tow 90 120 160 200 ns 
Write 


Address Valid 
to End of taw 80 90 120 150 ns 
Write 


Address Set-up 





twe 120 150 200 250 ns 











tas 0 0 0 0 ns 





70 80 100 130 ns © 





Write Recovery 
Time lade 


Data Valid to 
End of Write 


Data Hold 
Time 


Write Enabled 
to Output twz 45 50 60 80 ns © @ 
in High-Z 


Output Active 
from End tow 10 10 10 10 ns © @ 
of Write 


Notes: 


10 10 10 10 ns 





tow 45 50 60 80 ns 














@® See Part No. / Package Width table below. 

® Al\read cycle timings are referenced from the last valid address to the first transi- 
tion address. ae 

@® Address valid prior to or coincident withCS transition tow. 

@ Transition is measured + 200mV from steady-state voltage with specified load of 
Figure 1. 

® This parameter is sampled and not 100% tested. 

® ICS and OE are both low before write enabled, twp = twz + tow. 

® Transition is measured + 200mV from steady-state voltage with specified load of 
Figure 2. 
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uPD4016 


Timing Waveforms 


Write Cycle No. 1 (WE Controlled) 


Address 





Data-in 











High Impedance 


Data-out Data Undefined 


OE _XXXXXXXXXXXXXXKXXXXXXKKKKXKXKXKAKEK XXX AKER 


Write Cycle No. 2 (CS Controlled) 


}-—< twp ——___----—_» 


tas 














igh | 
Data-out High Impedance 


Data Undefined 





KKK EX KEK KEKE KR EKER KKKKKERE 
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Read Cycle No.1 ® @ © 





Read Cycle No.2 ® © © 





Read Cycle No.3 © ® 





Data-out OOO) 





Notes: © WEis high for read cycles. i 
Device is continuously selected,CS = Vi. 
OE = Vi. mea 
® Address valid prior to or coincident withCS transition low. 





NEC 


NEC Electronics Inc. 


The »PD4311 is a high-speed, low-power, 16,384-word by 
1-bit static MIX-MOS RAM fabricated with a short- 
channel, silicon-gate MIX-MOS technology. The 
pPD4311 is a low standby power device using N-channel 
memory cells with polysilicon resistors. Additionally, an 
excellent circuitry technique achieves very high speed 
and low operating power. The pPD4311 requires no clock 
or refreshing to operate. 


The uPD4311 is fully compatible with the ,.PD2167. It is 
packaged in a 20-pin plastic DIP with the standard 2167 
pinout (uPD4311C) and a 20-pin Cerdip package 
(uPD4311D). 


Features 

1 Single +5V supply 

O Fully static operation — no clock or refreshing 
required 

O TTL-compatible — all inputs and outputs 

C) Separated data input and output 

O Three-state output 

O Standard 300 mil plastic DIP and Cerdip 

1 Compatible with 4.PD2167 


Performance Ranges 
Power Supply (Max) 


Access 
Device Time Active Standby 
uPD4311C/D-35 35 ns 80 2mA 
vPD43110/D-45 45 ns 80 2mA 
uPD4311C/D-55 55 ns 80 2mA 





uPD4311 
16,384 x 1-BIT 
STATIC MIX-MOS RAM 


Pin Configuration 





Pin identification 
No. Symbol Function 
1-7, Ag-A13 Address input 
13-19 
12 Din Data input 
8 Dout Data output 
11 cs Chip select 
9 WE Write enable 
20 Vec +5 V power supply 
10 Vsg Ground 


Memory Ceil 
Address Array 
Buffer 128 Rows 
128 Columns 


Input Sense/Switch 


Data Data 
Contro! Column Control 
Decoder 


Address 
Buffer 


Aa As Ag A7 Ag Ag Ato 
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Absolute Maximum Ratings 


Power supply voltage, Voc -0.5V to +7.0V 
Input voltage, Vin -0.5V [i] to +7.0V 
Output voltage, Voy -0.5V to +7.0V 
Operating temperature, Topp 0 to 70°C 
Storage temperature, Tstg: 

— pPD4311C —55 to 125°C 
— pPD4311D —65 to 150°C 
Power dissipation, Pp 1.0W 


Note: [1] Viy = —3.0V min for 20ns pulse. 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 25°C, f = 1MHz [Note 1] 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cjy 5 pF Vin=OV 
Data output CoouT 6 pF Vpgyt=0V 
capacitance 


Note: [1] This parameter is sampled and not 100% tested. 


NE 


q) 


Recommended DC Operating Conditions 











Ta=O0to +70°C 
Limits 
Parameter Symbol Min Typ Max.—_—sUnit 
Supply voltage Vec 4.5 5.0 5.5 V 
Input voltage low Vit —0.5[1] 0.8 V 
“Inputvotagehigh Vw 22 #60 V 





Note: [1} Vi. = —3.0V min for 20ns pulse. 








DC Characteristics 
Ta =0°C to 70°C, Vog =5V 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input leakage lu -2 2 HA Vin=0Vto Vee, 
current . Voo = Max 
Output leakage |i -2 2 HA VoyTr=0V to 
current Vcc. CS=Viy, 
Voc = Max 
Operating supply Icc 80 mA CS=Vj,, 
current IpouT=OmA 
Standby supply Isp 15 mA CS=Viq 
current 
Standby supply spy 2 mA CS=Voc-0.2V, 
current Vin<0.2V or 
>Voc—0.2V 
Output voltage Voy. 0.4 V Io, =8.0mA 
low 
Output voltage Voy 2.4 Vloy=—4.0mA 
high 





N: KE Cc yPD4311 


AC Characteristics [Note 1] 
Ty = 0°C to 70°C, Voog =5V + 10% 

















Limits 
~poaa14-85—=«POASTI-45 =P ASTI-8B ae 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Read Cycle 
Read cycle time tre 35 45 55 ns {Note 2] 
Address access time tan 35 45 55 ns 
Chip select access time tacs 35 45 55 ns 
Output hold from address change tou 5 5 5 ns 
Chip select to output in Lo-Z tz 5 5 5 ns [Note 3] 
Chip deselect to output in Hi-Z tuz 0 20 0 25 0 30 ns [Note 4] 
Chip select to power-up time tpy 0 0 0 ns 
Chip deselect to power-down time tpp 0 35 0 40 0 45 ns 
Write Cycle 
Write cycle time twe 35 45 55 ns [Note 2] 
Chip select to end of write tow 35 40 45 ns 
Address valid to end of write taw 35 40 45 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twe 25 30 35 ns 
Write recovery time twr 0 0 0 ns 
Data valid to end of write tow 20 25 25 ns 
Data hold time toy 0 0 0 ns 
Write enable to output in Hi-Z twz 0 20 0 25 0 30 ns [Note 4] 
Output active from end of write tow 0 0 = 0 ns [Note 3] 
Notes: [1] AC test conditions: 
Input pulse levels = GND to 3.0V 
Input pulse rise and fall times = 5ns 
Timing reference levels = 1.5 V. See figures 1 and 2 for output load. 
[2] All read and write cycle timings are referenced from the last valid address to the first transitioning address. 
[3] Transition is measured +200 mV from steady state voltage with loading shown in figure 2. 
[4] Transition is measured at Vo, +200 mV and Voy — 200 mV with loading shown in figure 2. 
Truth Table 
¢s WE MODE 10 lec 
H X Not selected Hi-Z Standby 
L H Read Dout Active 
L L Write Hi-Z Active 
Figure 1. Output Load Figure 2. Output Load for tz, tLz, twz, tow 


*Including Scope and Jig *Including Scope and Jig 
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Timing Waveforms 


Read Cycle No. 1 (Address Access) 


Dout Previous Data Valid Data Valld 


Notes: [1] WE is heid high for read cycle. 
[2] Device is continuously selected, CS + Vj. 


My, 


Notes: (1] WE Is held high for read cycle. 
[2] Address valid prior to or coincident with CS transition iow. 





7-24 


NEC 


Timing Waveforms (cont) 


Write Cycle No. 1 (WE Controlled) 


Note: [1] CS or WE must be high during address transition. 
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Write Cycle No. 2 (CS Controlled) 


Data In Valid 


Note: [1] CS or WE must be high during address transition. 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The uPD4314 is a high-speed, low-power, 4,096-word 
by 4-bit static MIX-MOS RAM fabricated with a 
short-channel, silicon-gate MIX-MOS technology. The 
uPD4314 is a low standby power device using 
N-cnannel memory cells with polysilicon resistors. Ad- 
ditionally, a unique circuitry technique achieves very 
high speed and low operating power. The .PD4314 re- 
quires no clock or refreshing to operate. 


The pPD4314 is packaged in a standard 20-pin plastic 
DIP. 


Features 

O Single +5V supply 

O Fully static operation — no clock or refreshing 
required 

{] TTL compatible — all inputs and outputs 

[] Common |!/O using three-state output 

O Standard 300 mil 20-pin plastic DIP 


Performance Ranges 





one ky Power Supply (Max) 
Device (Max) (Min) Active Standby 
uPD4314C-35 35 ns 35ns =680mMA 2 mA 
pPD43140-45 45 ns 45ns 80mA 2mA 
uPD4314C-55 55 ns 55 ns 80mA 2mA 





uPD4314 
4,096 x 4-BIT 
STATIC MIX-MOS RAM 


Revision 1 


Pin Configuration 


4 
= 
2 
< 
a 
a 

2 
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Pin Identification 
No. Symbol Function 
1-8, 16-19 Ao-A11 Address input 
12-15 1/04-1/04 Data input/output 
9 cs Chip select input 
11 WE Write enable input 
20 Voc +5 V Power supply 
10 Vss Ground 
Block Diagram 





Memory Cel! 


Address Array 
Buffer 128 Rows 
128 Columns 


Sense/Switch 


Column 
Decoder 








Contro! 





Output 
Data 
Control 









Address 
Buffer 


A3 Aq As Ag Az 
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NEC 





Absolute Maximum Ratings 
-0.5V to +7.0V 


DC Characteristics 
Ta =0°C to 70°C, Vog =5 V +10% 


Power supply voltage, Vcc 

















Input voltage, Vin —0.5V [1] to +7.0V Limits Test 
: ; Parameter Symbol Min Typ Max Unit Conditions 
Output voltage, Voy —0.5V [1] to +7.0V 
- Input leakage lu -2. - 2 vA Vin=0V to Vcc, 
Operating temperature, Topp 0 to 70°C current Veg = Max 
Storage temperature, Tstg —55 to 125°C Output leakage lig -2 2 vA Voyt=0V to Voc, 
Power dissipation, Pp 1.0W current CS=Vin, 
Voc = Max 
Note: [1] Vin = — 3.0 V for 20 ns max pulse so 
Operating supply cc 60 80 mA CS=ViL, 
Comment: Exposing the device to stresses above those listed in current IpouT = 0.mA 
Absolute Maximum Ratings could cause permanent damage. The : —— 
device is not meant to be operated under conditions outside the Standby supply — Isg 6 20 mA CS=Viq 
limits described in the operational sections of this specification. current 
Exposure to absolute maximum rating conditions for extended Standby supply — spy 2 mA CS=Vcc-0.2V, 
periods may affect device reliability. current Vin <0.2V or 
2Voc—0.2V 
Recommended DC Operating Conditions Output voltage VoL 0.4 V o,=8.0mA 
Ty =O to +70°C : low 
Limits Output voltage Vox 2.4 VIoH=-4.0mA 
Parameter Symbol Min Typ Max Unit high 
Supply voltage Vcc 45 5.0 5.5 V 
Input voltage low VIL -0.5[1] 0.8 V Capacitance 
Input voltage high = Vy 2.2 Voc + 0.3 OV Ta = 25°C, f = 1MHz|[Note 1] 
Note: [1] Vj, = —3.0V for 20ns max pulse Limits Test 
Parameter Symbol Min Typ Max Unit Conditions © 
Input Cin 5 pF Vin=OV 
capacitance 
Data output Cpout 7 pF VpouT=0V 
capacitance 
Note: [1] This parameter is sampled and not 100% tested. 
AC Characteristics [Note 1] 
Ta = 0°C to 70°C, Veg =5V 410% 
Limits 
uPD4314-35 pPD4314-45 uPD4314-55 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Read Cycle 
Read cycle time tac 35 45 55 ns [Note 2] 
Address access time tan 35 45 55 ns 
Chip select access time tacs 35 45 55 ns 
Output hold from address change’ tou 5 5 5 ns 
Chip select to output in Lo-Z tz 5 5 5 ns [Note 4] 
Chip deselect to output in Hi-Z tuz 0 20 0 25 0 30 ns [Note 3] 
Chip select to power-up time tey 0 0 0 ns 
Chip deselect to power-down time tpp 0 35 0 45 0 55 ns 





Note: [1] AC test conditions: 
Input pulse levels = GND to 3.0 V, 
Input pulse rise and fall times = 5 ns, 
Timing reference levels = 1.5 V. See figures 1 and 2 for output load. 
[2] All read and write cycle timings are from the last valid address to the first transitioning address. 
[3] Transition is measured at Vo, +200 mV and Voy — 200 mV with loading shown in figure 2. 
[4] Transition is measured +200 mV from steady state voltage with loading shown in figure 2. 


N: E Cc pPD4314 


AC Characteristics [Note 1] (cont) 
Ta =0°C to 70°C, Veo = 5 V + 10% 








Limits 
pPD4314-35 pPD4314-45 pPD4314-55 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Write Cycle 
Write cycle time twe 35 45 55 ns [Note 2] 
Chip select to end of write tow 35 40 45 ns 
Address valid to end of write taw 35 40 45 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 30 40 50 ns 
Write recovery time twr 0 0 0 ns 
Data valid to end of write tow 20 25 30 ns 
Data hold time toy 0 0 0 ns 
Write enable to output in Hi-Z twz 0 20 0 25 0 30 ns [Note 3] 
Output active from end of write tow 0 0 0 ns [Note 4} 
Note: [1] AC test conditions: 
Input pulse levels = GND to 3.0V, 
input pulse rise and fall times = 5 ns, 
Timing reference levels = 1.5 V. See figures 1 and 2 for output load. 
[2] All read and write cycle timings are referenced from the last valid address to the first transitioning address. 
[3] Transition is measured at Vo, +200 mV and Voy — 200 mV with loading shown in figure 2. 
[4] Transition is measured + 200 mV from steady state voltage with loading shown in figure 2. 
Figure 1. Output Load Truth Table 
¢s WE MODE 110 lec 
H X Not selected Hi-Z Standby 
L H Read Dout Active 
L L Write Hi-Z Active 





*Including Scope and Jig 





Figure 2. Output Load for tz, t.z, twz, and tow 


“including Scope and Jig 





wppasta NEC 


Timing Waveforms 


Read Cycle No. 1(Address Access) Write Cycle No. 1(WE Controlled) 


Address 


taa 


}+——— toH 


Dout Previous Data Valid Data Valid 


Note: 
{1] WE is held high for read cycle. 
[2] Device is continuously selected, CS = Vj... 
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Read Cycle No. 2 (Chip Select Access) 





Note: 

[1] CS or WE must be high during address transition. 

[2] If CS goes high simultaneously with WE high, the outputs remain in a 
high-impedance state. 
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Vec 
Supply 
Current 


Notes: 


[1] WE is held high for read cycle. - 
[2] Address valid prior to or coincident with CS transition tow. 








Note: [1] CS or WE must be high during address transition. 
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NEC Electronics Inc. 


Description 


The wPD4361 is a high-speed, low-power, 65,536- 
words by 1-bit static MIX-MOS RAM fabricated with a 
short-channel, siticon-gate MIX-MOS process. It is a 
low standby power device using CMOS peripheral 
circuits and N-channel memory cells with polysilicon 
resistors. Additionally, a unique circuitry technique 
achieves very high speed and low operating power. 
The uPD4361 requires no clock or refreshing to operate. 


The pPD4361 is packaged in a 300 mil wide 22-pin plastic 
DIP (uPD4361C) and a 290 mil x 490 mil 22-pin ceramic 
leadless chip carrier (uPD4361K). The ».PD4361 has two 
types of access times, address and chip select. In addi- 
tion, the »«PD4361C-L features a low-power data reten- 
tion mode. 


Features 


0 65,536 x 1-bit organization 

QO Single +5 V supply 

O) Fully static operation—no clock or refreshing 

required 

C] All inputs and outputs TTL-compatible 

[ Separated data input and output 

O Three-state output 

L) MIX-MOS process 

O Data retention current of 504A max on the 

HPD4361C-L 

C] Standard 300 mil 22-pin plastic DIP and 290 mil x 
490 mil ceramic LCC 

OO) Standard JEDEC pin configurations 





Performance Ranges 
Power Supply (Max) 

















Access 
Device Time Active Standby 
uPD4361-40 (1) 40 ns 120 mA 2mA 
yPD4361-45 45 ns 120 mA 2mA 
yPD4361-55 55 ns 120 mA 2mA 
u#PD4361-70 (2) 70 ns 120 mA 2mA 


Note: 
(1) pPD4361K only. 
(2) u«PD4361C-70/70L only. 


uPD4361 
65,536 x 1-BIT 
STATIC MIX-MOS RAM 


Revision 1 


Pin Configurations 


22-Pin Plastic DIP 





22-Pin Ceramic LCC 


Ao Voc Ais 
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Pin Identification 











No. Symbol Function 

1-8, 14-21 Ag-A15 Address inputs 

9 Dout Three-state data output 
10 WE Write enable 

11 GND Ground 

12 Cs Chip select 

13 Din Data input 

22 Voc Power supply 
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Block Diagram 





Memory Cell 
Array 
256 Rows x 
256 Columns 








Address 
Buffer 


Row 
Decoder 












DIN Sense/Switch 








Input 
Data 
Control 


Output 
Data 
Controt 













Coiumn 
Decoder 


Address Buffer 


Aq As Ag A7 Ag Ag Ato Att 








al 
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Truth Table 

cs WE Mode Output I¢c 

H X Not selected High-Z Standby 
L H Read Dout Active 

L L Write High-Z Active 


DC Characteristics 


NEC 


Absolute Maximum Ratings 


Supply voltage, Voc —0.5to7.0V 
Voltage on any pin, Vij —0.5 to 7.0 V (1) 
Operating temperature, Topp 0 to +70°C (2) 
Storage temperature, Tstg —55 to +125°C (3) 

1.0W 


Power dissipation, Pp 


Note: 

(1) —3.0 V for 20 ns pulse 

(2) Topp for 4361K = —10 to +85°C 
(3) Tgtg for 4361K = —65 to +150°C 


Comment: Exposing the device to stresses above those listed in 
absolute maximum ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 25°C; f= 1 MHz (1) 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cin 5 pF Vin=O0V 
1/0 capacitance Cpout 7 pF Vpour=0V 
Note: 


(1) This parameter is sampled and not 100% tested. 


Ta =0°C to +70°C; Vog = 5 V £10% 


Limits 
uPD4361C/C-L uPD4361K Test 

Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 

Supply voltage Voc 45 5.0 5.5 45 5.0 5.5 V 

Input low voltage Vit —0.5 (1) 0.8 —0.5 (1) 0.8 V 

Input high voltage Vin 2.2 6.0 2.2 6.0 V 

Input leakage current Iu -2 2 -2 2 HA Vin =0V to Vec, Veco = max 

Output leakage current ILo -2 2 —2 2 BA Vout =0V to Voc; CS = Vin, 
Voc = max 

Operating supply current loc 120 120 mA CS = Vit, Ippyt = 0 mA 

Standby supply current Isp 20 20 mA CS =Vin 

4 lpi i (t;é‘<‘(iéié(arreds”*ét tt” mA CS HG 02 VIN <02V 

or>Voc — 0.2 V 

Output low voltage VoL 0.4 0.4 V lo. = 8.0 mA 

Output high voltage Vor 2.4 24 V lou = —4.0 mA 

Note: 


(1) —3.0 V for 20 ns pulse 
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AC Characteristics (Note 1) 
Ta = 0°C to +70°C; Vog = 5 V £10% 


Limits 

uPD4361-40(2) uPD4361-45 uPD4361-55 .PD4361-70(3) 
Parameter Symbol Min . Max Min Max Min Max Min Max Unit 
Read Cycle 
Read cycle time trc (4) 40 45 55 70 ns 
Address access time taa 40 45 55 70 ns 
Chip select access time tacs 40 45 55 70 ns 
Output hold from address change tou 5 5 5 5 ns 
Chip select to output in Low-Z tLz (6) 5 5 5 5 ns 
Chip deselect to output in High-Z tyz (5) 0 22 0 25 0 30 0 30 ns 
Chip select to power-up time tpy 0 0 0 0 ns 
Chip deselect to power-down time tpp 0 27 0 30 0 40 0 40 ns 
Write Cycle 
Write cycle time twe (4) 40 45 55 70 ns 
Chip selection to end of write tow 37 40 50 60 ns 
Address valid to end of write taw 37 40 50 60 ns 
Address setup time tas 0 0 0 0 ns 
Write pulse width twe 23 25 30 40 ns 
Write recovery time twr 0 0 0 0 ns 
Data valid to end of write tow 23 25 25 30 ns 
Data hold time tpH 0 0 0 0 ns 
Write enabled to output in High-Z twz (5) 0 22 0 25 0 25 0 30 ns 
Output active from end of write tow (6) 0 0 0 0 ns 
Note: 


(1) AC test conditions: Input pulse levels = GND to 3.0 V; Input pulse rise and fall times = 5 ns; Timing reference levels = 1.5 V; see figures 1 and 
2 for output load. 


(2) Available for uPD4361K only. 
(3) Available for »PD4361C or pPD4361C-L only. 
(4) All read and write cycle timings are referenced from the last valid address to the first transitioning address. 





(5) Transition is measured at Vo, + 200 mV and Voy — 200 mV with loading shown in figure 2. 
(6) Transition is measured +200 mV from steady state voltage with loading shown in figure 2. 


Figure 1. Output Load Figure 2. Output Load for t,z, tyz, twz, tow 


*Including Scope and Jig = *Including Scope and Jig 
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Timing Waveforms 


Read Cycle No. 1 (Address Access) 


Address 


DouT 


Note: 


taa 


}+—— tou 


Previous Data Valid Data Valid 


[1] WE Is held high for read cycle. 
[2] Device is continuously selected, CS = Vit. 





Read Cycle No. 2 (Chip Select Access) 


Note: (1] WE Is held high for read cycle 
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2) Address valid prior to or coincident with CS transition low. 








NEC 


Write Cycle No. 1 (WE Controlled) 


Address 


csi] WW 


Note: 
[1] CS or WE must be high during address transition. 
[2] 1f CS goes high simultaneously with WE high, the outputs remain In a 
high-impedance state. 
83-001637A_ 


Write Cycle No. 2 (CS Controlled) 


Note: [1] CS or WE must be high during address transition. 
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Low Vcc Data Retention Characteristics (Note 1) 
Ta = 0°C to 70°C 


Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Data retention supply voltage Vocor 2.0 55  V CS = Voc — 0.2 V, Viy= Voc —0.2Vor0V< Vin <0.2V 
Data retention supply current locor 1 50 yA Veco = 3.0 V, CS > Voc — 0.2 V, Vin = Veg — 0.2 V or 
OV<ViysO0.2V 
Chip deselect to data retention tcpR 0 ns 
time 
Operation recovery time tr tro ns 
Note: 


(1) For u.PD4361C-L only. 


Data Retention 


Data Retention Mode 


6S = Voc —0.2V 
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uPD4362 
16,384 x 4-BIT 
STATIC MIX-MOS RAM 





Description 


The uwPD4362 is a high-speed, low-power, 16,384- 
words by 4-bits static MIX-MOS RAM fabricated witha 
short-channel, silicon-gate MIX-MOS process. It is a 
low standby power device using N-channel memory 
cells with polysilicon resistors. Additionally, a unique 
circuitry technique achieves very high speed and low 
operating power. The wPD4362 requires no clock or 
refreshing to operate. 


The uPD4362 is packaged in a standard 22-pin plastic 
DIP. 


Features 


C] Single +5 V supply 

O Fully static operation — no clock or refresh required 
D All inputs and outputs TTL-compatible 

O Common I/O capability 

C) Standard 300 mil 22-pin plastic DIP 


Performance Ranges 


Power Supply (Max) 
Device Access Time Active «Standby | 
uPD4362C-45 45 ns 90 mA 2mA 
uPD4362C0-55 55 ns 90 mA 2mA 
uPD4362C-70 70 ns 90 mA 2mA 


Absolute Maximum Ratings 


Supply voltage, Vcc —0.5 to 7.0V 
All input and ouput voltages, Vin —0.5 (1) to 7.0V 
Operating temperature, Topr 0°C to +70°C 
Storage temperature, Ts7¢ —55°C to +125°C 
Power dissipation, Pp 1.0W 


Note: (1) Vij, = —3.0 V for 20 ns pulse 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 








Pin Configuration 
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Pin Identification 


No. Symbol Function 

1-9, 17-21 Ag —A13 Address input 
13-16 1/0; 1/04 Data input/output 
10 cs Chip select 

12 WE Write enable 

22 Vcc Power supply 

11 Vss Ground 


Block Diagram 


Memory Celt 
Row Array 
Decoder 256 Rows 
256 Columns 


Sense/Switch 


Column 
Decoder 


Buffer 


Ag Ag As Ag Az Ag 


83-001570A 
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Recommended DC Operating Conditions 
Ta = 0°C to 70°C 


Limits 
Parameter Symbol Min Typ Max —s-Unit 
Supply voltage Voc 45 5.0 5.5 V 
Input low voltage Vit —0.5 (1) 0.8 V 
Input high voltage Vin 2.2 Voc +03 V 


Note: (1) Vi, = —3.0 V for 20 ns pulse 


NEC 


AC Characteristics 
Ta =0°C to +70°C; Vog = 5 Vt 10% 


Limits 
4362-45 4362-55 4362-70 


Capacitance 
Tp = 25°C; f = 1 MHz (1) 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Ci 5 pF Vin=OV 
I/O capacitance Cpout 7 pF Vpout = 9 V 


output in low-Z 


Parameter Symbol Min Max Min Max Min Max Unit 
Read Cycle 

Readcycletime tre (2) 45 55 70 ns 
Address access taa 45 55 70 ns 
time 

Chip select tacs 45 55 70 ns 
access time 

Output hold from tou 5 5 5 ns 
address change 

Chip selectionto t.z(3) 5 5 5 ns 


Note: (1) This parameter is sampled and not 100% tested. 


DC Characteristics 
Ta = 0°C to +70°C; Veg = 5 V+ 10% 


Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Input leakage lu —2 2 wA Vin=0- Vcc! 
current Veco = MAX 
Output leakage Ilo 3-2 2 pA Voyt=9- Voc; 
current ce =Vin, 

Voc = MAX 
Operating loc 90 mA CS=ViL, 
supply current lpouT = 0 mA 
Standby Isp 20 mA CS=Viy 
supply current IsBt 2 mA CS=Vcc—0.2V; 

Vin < 0.2 V or 

> Veco — 0.2 V 
Output low Vo 0.4 V_ Io, =8.0mA 
voltage 
Output high Von 2.4 VV loy =—4.0 mA 
voltage 
Truth Table 
cs WE Mode 10 lec 
H X Not selected High-Z Standby 
L H Read Dout Active 
L L Write High-Z Active 
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Chip deselection to ty7(4, 0 2 0 2 O 30 ns 


output in high-Z 


Chip selection tpy 0 0 0 ns 


to power-up time 


Chip deselection tpp 0 4 0 55 0 55 ns 


to power-down 


time 

Write Cycle 

Write cycle time  twc(2) 45 55 70 ns 
Chip selection to tow 40 50 60 ns 
end of write 

Address valid taw 40 * §0 60 ns 
to end of write 

Address set-up tas 0 0 0 ns 
time 

Write pulse width twp 40 50 60 ns 
Write recovery twr 0 0 0 ns 
time 

Data valid to tpw 20 25 30 ns 
end of write 

Data hold time toH 0 0 0 ns 


Write enabled to 
output in high-Z 


twz7(4, 0 20 0 2 0 30 ns 


Output active tow (3) 0 0 0 ns 
from end of write 
Note: (1) AC test conditions: input pulse levels = GND to 3.0 V; 


input pulse rise and fall times = 5 ns; timing reference 
levels = 1.5 V; see figures 1 and 2 for output load. 

(2) All read cycle timings are referenced from the last valid 
address to the first transitioning address. 

(3) Transition is measured +200 mV from steady state 
voltage with loading shown in figure 2. 

(4) Transition is measured at Vo, + 200 mV and 
Von — 200 mV with loading shown in figure 2. 


NEC 


Output Load 


Figure 1. 


*Including Scope and Jig 
83-001546A 





Figure 2. Output Load for tyz, t.z, twz, and tow 


*Including Scope and Jig 
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Timing Waveforms 


Read Cycle No. 1 (Address Access) 


DouT Previous Data Vatid Data Valid 


Notes: [1] WE is held high forreadcycle. 
[2] Device is continuously selected, CS + ViL. 
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Read Cycle No. 2 (Chip Select Access) 


Data Valid 


Vec 
Supply 
Current 


Notes: [1] WE is held high tor read cycle. — 
[2] Address valid prior to or coincident with CS transition low. 








uPD4362 


Timing Waveforms (cont) 


Write Cycle No. 1 (WE Controlled) 








Address 











Note: [1] CS or WE must be high during address transition. 
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Write Cycle No. 2 (CS Controlled) 














LLLsss:eives Lp 


Note: {1] CS or WE must be high during address transition. 






DouT 
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Description 


The pPD4364 is a high-speed, low-power, 8,192-word by 
8-bit static MIX-MOS RAM fabricated with advanced 
silicon-gate MIX-MOS technology. The .PD4364 is a low 
standby power device using CMOS peripheral circuits 
and N-channel memory cells with polysilicon resistors. 
Furthermore, a unique circuitry technique makes the 
#PD4364 a very low operating power device which re- 
quires no clock or refreshing to operate. 


Two chip enable inputs are provided for battery back- 
up application, and an output enable input is included 
for easy interface. Data retention is guaranteed at a 
power supply voltage as low as 2 V (uPD4364-12L/15L/ 
20L and pPD4364-12LL/15LL/20LL). 


The »PD4364 is packaged in standard 28-pin DIP and 
miniflat packages and is plug-in compatible with 2764- 
type EPROMs. 


Features 





Single +5 V power supply 

Fully static operation — no clock or refreshing 
required 

TTL compatible — all inputs and outputs 
Common I/O using three-state output 

Output enable and two chip enable inputs for easy 
application 

LC} Data retention voltage 

— pPD4364-12L/15L/20L: 2V min 

— pPD4364-12LL/15LL/20LL: 2V min 

LC Standard 28-pin plastic DIP (uPD4364C) 

LI) 28-pin miniflat (SOP) package (uPD4364G) 

[] Plug-in compatible with 2764-type EPROMs 


Cc 





OOO 

















Performance Ranges 


Access Cycle 


Time Time Power Supply (Max) 
Device (Max) (Min) Active Standby 
uPD4364-12 /12L/12LL 120 ns 120ns 40mA __ (Note 1) 
wPD4364-15 / 151 /15LL 150 ns 150ns 40mA __ (Note 1) 
vPD4364-20/20L/20LL 200 ns 200 ns 35mA (Note 1) 


Note: 

(1) uPD4364-12/15/20: 2mA max; 
yuPD4364-12L/15L/20L: 100 pA max; 
vPD4364-12LL/15LL/20LL: 50 pA max 












































uPD4364 
8,192 x 8-BIT 
STATIC MIX-MOS RAM 
Revision 1 
Pin Configuration 
1 
2 
3 
4 
5 
6 
7 
8 
9 
83-001753A 
Pin Identification 
No. Symbol Function 
1 NC No connection 
2-10, 21, Ag-Ai2 Address input 
23-25 
11-13, 15-19 —-1/04-1/0g Data input /output 
14 GND Ground 
20 CE, Chip enable input, 
active low 
22 OE Output enable input 
26 CE» Chip enable input, 
active high 
27 WE Write enable input 
28 Vec +5.V Power supply 


Absolute Maximum Ratings 
Power supply voltage, Voc -0.5V (1) to +7.0V 
—0.5V (1) to Veg +0.5V 


-0.5V (1) to Veg +0.5V 


Input voltage, Vjjy 
Output voltage, Voyr 


Operating temperature, Topp 0 to 70°C 
Storage temperature, Tstg — 55 to 125°C 
Power dissipation, Pp 1.0W 


Note: 
(1) —3.0V min (Pulse width 50 ns max) 


Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification: Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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uPD4364 
Block Diagram DC Characteristics 
Ta =0°C to 70°C, Vog =5V + 10% 
Memory Cell ee oxo Ley 
pore ase prakat Parameter Symbol Min Typ Max Unit Conditions 
auiter PO he Input leakage — IL 1 pA Vin=0Vto Voo 
current 
Output leakage IL 1 HA Viso=0Vto Voc 
current CE, =Vy or 
CEo=Vi, or 
Sense/Switch Output vee = VIL 
Data = Data QE=Vjy or 
Control Control WE=ViL 
Operating loca (1) mA CE =ViL, 
supply current CE2=Vip, 
lio = 0, 
Min cycle 
Operating lecag 15 mA CEy=ViL, 
supply current CEo=Vin, 
hwo = 0, 
DC current 
Standby supply Isp (2) mA CE,=Viyor 
current CEg=ViL 
Standby supply spy (3) mA CE,>Voc-0.2V 
current CEo 2 Voc—-0.2V 
Standby supply Isge (3) mA CE2<0.2V 
Capacitance current 
Tp 25S OM ine Output voltage VoL 04. V Io=2.4mA 
Limits Test low 
Parameter Symbol Min Typ Max Unit Conditions Output voltage Voy 2.4 Vo Ion=—1.0mA 
Input Cin 6 pF Vin=OV high 
capacitance Notes: 
i= (1) wPD4364-12/12L/12LL: 40 mA max; 20mA typ 
eat ele Cio : 1 OF Vizo=0V uPD4364-15/15L/15LL: 40 mA max; 18 mA typ 


Recommended DC Operating Conditions 
Ta =Oto +70°C 


Limits 
Parameter Symbol Min styp—SsiéMax:—S™” Unit 
Supply voltage Vec 45 5.0 5.5 V 
Input voltage low Vit -~0.3(1) 0.8 V 
Input voltage high Vin 2.2 Veco + 0.5 V 
Note: 


(1) —3.0V min (Pulse width 50 ns max) 
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uPD4364-20/20L/20LL: 35 mA max; 14mA typ 


(2) uPD4364-12/15/20: 5 mA max 
uPD4364-12L/15L/20L: 3mA max 
uPD4364-12LL/15LL/20LL: 3 mA max 


(3) «PD4364-12/15/20: 2 mA max, 20 uA typ 
yuPD4364-12L/15L/20L: 100 pA max, 2nA typ 
yPD4364-12LL/15LL/20LL: 50 nA max, 2A typ 


N: KE Cc yPD4364 


AC Characteristics 
Ta = 0°C to 70°C, Vog =5V + 10% 








Limits 
uPD4364 uPD4364 yPD4364 
-42/12L/12LL -15/18L/45LL -20/20L/20LL Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions(1) 
ReadCyle 
Read cycle time tac 120 150 200 ns 
Address access time taa 120 150 200 ns 
CE; access time toot 120 150 | 200 ns 
CE> access time teo2 120 150 200 ns 
Output enable to output valid tog 60 70 100 ns 
Output hold from address change ton 10 ats) 15 ns 
Chip enable (CE,) to output in Lo-Z tLz1 10 15 15 ns 
Chip enable (CE») to output in Lo-Z tiz2 10 15 als) ns 
Output enable to output in Lo-2 touz 5 5 5 ns 
Chip enable (CE;) to output in Hi-Z tyz4 40 50 100 ns 
Chip enable (CE) to output in Hi-Z tyz2 40 50 100 ns 
Output enable to output in Hi-Z toxz 40 50 80 ns 
Write Cycle 
Write cycle time twe 120 150 200 ns 
Chip enable (CE}) to end of write tow 85 100 180 ns 
Chip enable (CEz) to end of write towe 85 100 180 ns 
Address valid to end of write taw 85 100 180 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 70 90 140 ns 
Write recovery time twr 5 5 5 ns 
Data valid to end of write tow 50 60 80 ns 
Data hold time tox 0 0 0 ns 
Write enable to output in Hi-Z twuz 40 50 100 ns 
Output active from end of write tow 5 10 10 ns 
Note: 


(1) Input pulse leveis: 0.8 V to 2.4V 
input pulse rise and fall times: 5ns 
Timing reference levels: 1.5V 
Output load: 1 TTL gate and C, = 100 pF 


Truth Table 
CE, CE, OF WE MODE 110 lec 
H X X X Not selected Hi-Z Standby 
xX L X X Notselected Hi-Z Standby 
L H H H Dot disabled Hi-Z Active 
L H L H Read Dout Active 
L H X L Write Din Active 
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Timing Waveforms 


Read Cycle No. 1(Address Access) (Notes 1, 2) 


Address 


Dour _ Previous Data Valid Data Valid 


Notes: 
(1) WEis high for read cycle. 
(2) Device is continuously selected, CE, = OE=V,,, CE, = Vin. 


Read Cycle No. 2 (Chip Enable Access) (Notes 1, 2) 


- | \\ 
ALLL AL 


Dout 


Notes: 
(1) “WE ls high for read cycle. 


(2) Address valid prior to or coincident with CE, transition low, CE, 
transition high. 
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Write Cycle No. 1(WE Controlled) (Notes 1, 2, 3) 


i \AAS ALL LL 


|<+—_—_—_—_——_tcw2_-—> 


= LTA 


WAAA 


+ tas->|<—_—_——_ twp ——__—__> | <—twrR 


Data Undefined 


tWHz-> —> |tow 
Notes: 
mM A write ocours during the overlap of a low CE, and a high CE, anda 
low WE. 


(2) CE, or WE (or CE,) must be high (low) during address transition. 
(3) If OE is high, 1/0 pins remain in a high impedance state. 





NEC 


Write Cycle No. 2 (CE; Controlled) (Notes 1, 2) 


Notes: 
A occurs during the overtap of a low CE, and a high CE, anda 
) Awe uring pota cE, igh CE, 





(2) CE, or WE (or CE,) must be high (low) during address transition. 


83-001758A 


uPD4364 


Write Cycle No. 3 (CE Controlled) (Notes 1, 2) 


<—tow—ri<tone 


High-Z 


Dout 
Notes: 
() A wie occurs during the overlap of a low CE, and ahigh CE, anda 
low 


(2) CE, or WE (or CE,) must be high (low) during address transition. 
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Low Vcc Data Retention Data Retention (CE; Controlled) (Note 1) 
Characteristics (Note 1) 
Ta =0°C to 70°C 





tcpR->|<+— Data Retention Mode-——_>|¢ tp: 


Limits 





rere ee Test 
Parameter Symbol Min Typ Max Unit Conditions 
enn es —_— nneenneneal 
Data retention Vocpr; 2.0 5.5 Vo CEy2Voc-0.2V 
supply voltage CEo2Vec-0.2V 
Data retention Vecpre 2.0 5.5 VV CEo<0.2V 
supply voltage 
Data retention l¢cpai 1 (2) pA Vcoc=3.0V 
supply current CE, > Vee -0.2V 

CEo >Voc-0.2V (1) CE, must be equal to or higher than Veg —0.2V, 

—__---—-——_____—_-————— the other inputs (Addresses, OE, WE, I/Os) 
Data retention Iecpre 1 (2) vA Voc=3.0V can be in a high impadance state. 
supply current CEo<0.2V 
Chip deselect to tcpr 0 ns 
data retention Data Retention (CE Controlled) (Note 1) 
time 
Operation tr tac ns tcpr—|<—e|-<—— Data Retention Mode ——> 
recovery time 
Notes: 


(1) For wPD4364-12L/12LL, «PD4364-15L/15LL, 
HPD4364-20L/20LL only 


(2) ¢PD4364-12L/15L/20L: 50 vA max; 15 uA (0 to 40°C) 
uPD4364-12LL/15LL/20LL: 20 4A max; 5 pA (0 to 40°C) 


Vecor ~--\- 


(1) The other inputs (Addresses, CE,, 
can be in a high impedance state. 


83-001761A 
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uPD4464 
8,192 x 8-BIT 
STATIC CMOS RAM 


Revision 1 





Description 


The pPD4464 is a high-speed, low-power, 8,192-word by 
8-bit static CMOS RAM fabricated with advanced 
silicon-gate CMOS technology. The .PD4464 is a very 
low standby power device using full CMOS memory 
cells with 6 transistors. Furthermore, a unique circuitry 
technique makes the uPD4464 a very low operating 
power device which requires no clock or refreshing to 
operate. 


Two chip enable inputs are provided for battery backup 
application, and an output enable input is included for 
easy interface. Data retention is guaranteed at a power 
supply voltage as low as 2 V. 


The pPD4464 is packaged in a standard 28-pin DIP and 
miniflat package and is plug-in compatible with 2764- 
type EPROMs. 


Features 


Single +5 V power supply 

Fully static operation — no clock or refreshing 
required 

TTL compatible — all inputs and outputs 
Common I/O using three-state output 

Output enable and two chip enable inputs for easy 
application 

Data retention voltage: 2V min 

Standard 28-pin plastic DIP (uPD4464C) 

28-pin miniflat (SOP) package (uPD4464G) 
Plug-in compatible with 2764-type EPROMs 
Operating temperature range: — 40°C to 85°C 


OOOOO OOO OO 


Performance Ranges 


Access Cycle 
Time Time 
Device (Max) (Min) 


mPD4464-15 150 ns 150 ns 40 mA 
pPD4464-20 200ns = 200ns = 35mA 


Note: [1] ¢PD4464-15L/20L: 1.0 uA max (— 40°C to 60°C) 
0.2 uA max (— 40°C to 25°C) 


Active Standby 


10 pA [1] 
10 pA [1] 


Capacitance 
Ta = 25°C, f = 1.0 MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Cin 6 pF Vin=OV 
capacitance 
Input/output C/o 8 pF Viso=0V 
capacitance 


Power Supply (Max) 


Pin Configuration 





Pin Identification 


No Symbol Function 

1 NC No connection 

2-10, 21, 25-27 Ao-A12 Address input 

11-13, 15-19 1/04-1/0g Data input/output 

14 GND Ground 

20 CE; Chip enable active low 
22 OE Output enable 

26 CE Chip enable active high 
27 WE Write enable 

28 Voc +5 V power supply 


Absolute Maximum Ratings 


Power supply voltage, Vcc —0.5 V.(1) to +7.0V 
Input voltage, Vin —0.5 V (1) to Voc+ 0.5 V 
Output voltage, Vout —0.5 V (1) to Vogt 0.5 V 
Operating temperature, Topp 40 to 85°C 
Storage temperature, TsTg —55 to 125°C 
Power dissipation, Pp 1.0 W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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uPD4464 





Block Diagram 





Memon Cell Array 
Rows 
32 x 8 Columns 


= 


Input 
Data 
Control 


eeeeeg 


= 
° 
o 


A2 Az Ag 


83-001650B 


Recommended DC Operating Conditions 
Ta = — 40°C to 85°C 


DC Characteristics (cont) 
Ta = — 40°C to 85°C, Vog =5V 10% 








Limits Limits Test 
Parameter Symbol Min Typ Max Unit Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Voc 4.5 5.0 5.5 Vv Operating supply Iocae 5 15 mA CEy=ViL. 
Input voltage low Vy —0.3[1] 08 V current oe 
Input voltage'high Vi 2.2 Voc + 0.5 OV {DC current) 
Note: [1] -— 3.0V min (Pulse width 50ns max) Standby supply —Iecs} 0.02 10[2} pA CE, 2Vcoc—-0.2V 
current , CEo>Vec—-0.2V 
DC Characteristics Standby supply legs 0.02 10[2] pA CEp<0.2V 
Ta = — 40°C to 85°C, Voo = 5V+10% current 
Limits Test Output voltage Vo. , 0.4 V Io, =2.1mA 

Parameter Symbol Min Typ Max Unit Conditions low 
Inputleakage — IL 1 pA Vin=0V to Veg Output voltage Voy 2.4 V. Ioy=—1.0mA 
current ; high : 
1/0 leakage lLo 1 HA Vis9=0V to Voc Notes: [1] «PD4464~-15/15L: 40 mA max 
current CEy=Vjy or uPD4464-20/20L: 35 mA max 

CEg=V\, or [2] uPD4464-15L/20L: 1.0 uA max (— 40°C to 60°C) 

OE=Vjy or 0.2 yA max (— 40°C to 25°C) 

WE=Vi, 
Operating loca [1] mA CE=Vy, 
supply current CEo=Vin, 

1/o=9, 

Min Cycle 
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AC Characteristics 
Ta = — 40°C to 85°C, Vog =5V+10% 








Limits 
uPD4464 .PD4464 
te 5 RO Test 
Parameter Symbol Min Max Min Max Unit Conditions[‘1) 
Read Cycle 
Read cycle time tro 150 200 ns 
Address access time tan 150 200 ns 
CE, access time toot 150 200 ns 
CE» access time tco2 150 200 ~=ons 
Output enable to toe 75 100 =ons 
output valid 
Output hold from ton 10 10 ns 
address change 
Chip enable (CE) to tz; 10 10 ns 
output in Low-Z 
Chipenable (CE9)to tz. 10 10 ns 
output in Low-Z 
Output enable to to.z 56 5 ns 
output in Low-Z 
Chip enable (CE}) to tyz4 75 100 ns 
output in High-Z 
Chip enable (CEs) to ~—tyze 75 100 = ns 
output in High-Z 
Output enable to tonz 60 80 ns 
output in High-Z 
Write Cycle 
Write cycle time two 150 200 ns 
Chip enable (CE}) to tow: 130 180 ns 
end of write 
Chip enable (CE9) to towe 130 180 ns 
end of write 
Address validtoend tay 180 180 ns 
of write 
Address setup time — tas 0 0 ns 
Write pulse width twp 100 140 ns 
Write recovery time twr 5 5 ns 
Datavalidtoendof tpyw 70 80 ns 
write 
Data hold time toy 5 5 ns 
Write enable to output tyyz 15 100 =—sons 
in High-Z 
Output active from tow 10 10 ns 
end of write 


Note: [1] Input pulse levels: 0.8 V to 2.4V 
Input pulse rise and fall times: 5ns 
Timing reference levels: 1.5V 
Output load: 1 TTL gate and C, = 100 pF 





vyPD4464 

Truth Table 
CE; CE, OF WE MODE 0 lec 

H X X X Notselected Hi-Z Standby 

X L X X Not selected Hi-Z Standby 

L H H H Doyr disabled — Hi-Z Active 

L H L H Read Dout Active 

L H X L Write Din Active 


Timing Waveforms 


Read Cycle No. 1(Address Access) 


tac 


Address 


t taa 
OH 
Dour Previous Data Valid Data Valid 


Note: 


[1] WE is high for read cycle. ee eet 
[2] Device is continuously selected: CE, = OE = Vi,, 
CE2 = Vin. 


83-001651A 


Read Cycle No. 2(Chip Enable Access) 


Address 


CE, 


Note: 


[1] WE is high for read cycle. 


[2] Address valid prior to or coincident with CE} transition 
low and CE transition high. 


83-001652A 
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Timing Waveforms (cont) 


Write Cycle No. 1 (WE Controlled) 


Dour Data Undefined 


Note: 


{1] A welte occurs during a low WE and the overlap of a 
low CE and a high CE2. 


[2] SE, or WE must be high or CE2 must be low during 
address transition. 


[3] If OE is high, I/O pins remain in a high-impedance state. 
83-001653A 





Write Cycle No. 2 (CE; Controlled) 


Data-in Valid 


High-Z 


Dour 


Note: 


[1] A write occurs during a low WE and the overlap of a low 
CEy and a high CE2. 


[2] CEy or WE must be high or CE2 must be low during address 
transition. 


83-001654A 
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Write Cycle No. 3 (CE2 Controlled) 


tow 


tow 
Data-in Valid 
Dour High-Z 


Note: 


[1] A.write occurs during a low WE and the overlap of a low 
CE, and a high CE2. 
[2] CEy or WE must be high or CE2 must be low during 
address transition. 
83-001655A 


Low Vcc Data Retention Characteristics 
Ta = — 40°C to 85°C 























Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Data retention Vocpri 2.0 5.5 V CE;2Voc-0.2V 
supply voltage CEy Voc-0.2V 
Data retention Vecpr2 2.0 5.5 V CEp<0.2V 
supply voltage 
Data retention —Iccpri 0.01 10[1} pA ae =3.0V 
supply current 42Vcec-0.2V 

CE 2Veo—-0.2V 
Data retention Iecpre 0.01 10[1] pA Voc=3.0V 
supply current CEo<0.2V 
Chip deselect to tepr 0 ns 
data retention 
time 
Operation tr tre ns 
recovery time 





Note: [1] «PD4464-15L/20L: 1.0 nA max (— 40°C to 60°C) 
0.2 uA max (— 40°C to 25°C) 


NEC 


uPD4464 





Timing Waveforms (cont) 


Data Retention (CE; Controlled) 


E12=Vcc-0.2V 


[1] CE2 must be equal to or higher than Vcc — 0.2 V. The other 
inputs [Addresses, OE, WE, I/Os} can be in a high- 
impedance state. 


83-001667A 





Data Retention (CE2 Controlled) 






CE2<0.2V 


[1] The inputs [Addresses, CE1, OE, WE, I/Os} can be in a 
high-impedance state. 





83-001668A 
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Description 


The »PD43256 is a high-speed, low-power, 32,768-word 
by 8-bit static MIX-MOS RAM fabricated with advanced 
silicon-gate MIX-MOS technology. The ».PD43256 is a 
low standby power device using n-channel memory 
cells with polysilicon resistors. Furthermore, a novel cir- 
cuitry technique makes the pPD43256 a high-speed and 
low operating power device which requires no clock or 
refreshing to operate. 


Minimum standby power is drawn by this device when 
CS is at a high tevel, independently of the other inputs’ 
levels. 


Data retention is guaranteed at a power supply voltage 
as low as 2 V (uPD43256-10L/12L/15L). 


The pPD43256C is packaged in a standard 28-pin plastic 
dual-in-line package. 

The pPD43256G is packaged in a standard 28-pin plastic 
miniflat (SOP) package. 


Features 


Single +5V supply 

Fully static operation — no clock or refreshing 
required 

TTL-compatible — all inputs and outputs 
Common 1/0 using three-state output 

One Chip Select and one Output Enable input for 
easy application 

Data retention voltage 

— pPD43256-10L/12L/15L: 2V min 

Standard 28-pin plastic DIP and miniflat (SOP) 
packages 


O OF OOO OO 





Performance Ranges 


Access Cycle Power Supply (Max) 
Device Time Time Active Standby 
pPD43256-10 100ns = 100 ns 70 mA 2mA 
uPD43256-12 120ns = 120ns 70mA 2mA 
pPD43256-15 150ns_ 150 ns 70mA 2mA 
PD43256-10L 100ns 100s 70mA 100 pA 
yPD43256-12L 120ns_ = 120ns 70mA 100 pA 
uPD43256-15L 150ns_ = 150ns 70mA 100 pA 
Capacitance 
= 25°C, f=1MHz 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cyy 5 pF Vin=OV 
Input /output Ciso 8 PF Visg=0V 
capacitance 


uPD43256 
32,768 x 8-BIT 
STATIC MIX-MOS RAM 


Revision 1 


Pin Configuration 


uPD43256 





Pin Identification Table 





No. Symbol Function 

1-10, 21, 23-26 Ao-A14 Address input 
11-13, 15-19 1/04-1/0g Data input/output 
14 GND Ground 

20 cs Chip select 

22 OE Ouput enable 

27 WE Write enable 

28 Voc Power (+5 V) 


Memory Cell 
Array 
512 Rows 
64. x 8 Columns 


Data 
Control 


83-001402A 
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Absolute Maximum Ratings 


Power supply voltage, Voc —0.5[1] to 7.0V 
Input voltage, Viy —0.5[1] to Vog +0.5V 
Output voltage, V\/o —0.5[1] to Veg +0.5V 
Operating temperature, Topr 0 to 70°C 
Storage temperature, Tstg — 55 to 125°C 
Power dissipation, Pp 1.0W 


Note: [1] —3.0V min (pulse width 50 ns) 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Recommended DC Operating Conditions 














Ta =0 to 70°C 
Limits 
Parameter Symbol Min Typ Max Unit 
Supply voltage Vec 4.5 5.0 5.5 V 
Input low voltage VIL —0.3[1] 0.8 V 
Input high voltage = Viy 2.2 Voc +0.5 V 
Note: [1] —3.0V min (pulse width 50 ns) 
DC Characteristics 
Ta = 0 to 70°C, Voc =5V+10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input leakage lu 1 HA Vin=0to Voc 
current 
1/0 leakage ILo 1 HA Vi/9=0 to Voc 
current CS2Viy or 
OE>Viy or 
WE< Vj, 
Operating supply Icca Notet 70 mA CS<Vj, Min 
current Cycle ly ;q=0 
Standby supply Isp Note2 mA CS2Viy 
current 
Standby supply {spy Note3 Note3 mA CS2Voc-0.2V 
current 
Output low Vo 0.4 Vslop=2.1mA 
voltage 
Output high Von 2.4 Vo lox=—-1.0mA 
voltage 





Notes: [1] «PD43256-10/10L: 35 mA typ 
pPD43256-12/12L: 30 mA typ 
pPD43256-15/15L: 25 mA typ 

[2] «PD43256-10/12/15: 5 mA max 
pPD43256-10L/12L/15L: 3mA max 

[3] «PD43256-10/12/15: 20 nA typ, 2mA max 
pPD43256-10L/12L/15L: 2A typ, 100 pA max 
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AC Characteristics 
Ta =0to 70°C, Vog =5 V+10% 


yPD43266 uPD43256 .PD43266 


NEC 











10/10L = -12/12L = «15 /18L 
Parameter Symbol Min Max Min Max Min Max Unit 
Read Cycle 
Read cycle time tre 100 120 150 ns 
Address access taa 100 120 150 ns 
time 
Chip select access tacs 100 120 150 ns 
time 
Output enableto — tog 50 60 70 ons 
output valid 
Output hold from = toy 10 10 10 ns 
address change 
Chip select to toLz 10 10 10 ns 
output in Lo-Z 
Output enableto —toz 5 5 5 ns 
output in Lo-Z 
Chip select to tcHz 35 40 50 ns 
output in Hi-Z 
Output enable to toyz 35 40 50 ns 
output in Hi-Z 
Write Cycle 
Write cycle time twe 100 120 150 ns 
Chip selecttoend tow 80 85 100 ns 
of write 
Address valid to taw 80 85 100 ns 
end of write , 
Address setup time tas 0 0 0 _ ns 
Write pulse width = twp 70 70 90 ns 
Write recovery time twp 5 5 5 ns 
Data validtoend = tpw 40 50 60 ns 
of write : 
Data hold time ton 0 0 0 ns 
Write enable to twuz 35 40 50 ons 
output in Hi-Z 
Output active from — tow 10 10 10 ns 
end of write 
AC Test Conditions 
Input pulse levels 0.8 to 2.2V 
Input pulse rise and fall time 5ns 
Timing reference levels 1.5V 
Truth Table 
cs OE 8=s«WE MODE 0 lee 

H X X Not selected Hi-Z Standby 

L H H Not selected Hi-Z Active 

L L H Read Dout Active 

L X L Write Din. Active 


NEC 


AC Test Circuits 


For tc1z, touz, tcHz, tonz, twHz, and tow 


*including scope and jig. 





Timing Waveforms 


Read Cycle No. 1 (Address Access) (Notes 1, 2) 


Address 


ton 


Previous Data Valid Data Valid 


uPD43256 





Read Cycle No. 2 (Chip Select Access) (Notes 1, 3) 


DouT 


Notes: 
[1] WE is high tor read cycle. 


[2] Device is continuously selected, 
CS = OE = ViL. 





{3] Address valid prior to or coincident with 
CS transition low. 
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pPD43256 


Timing Waveforms (Cont) 


Write Cycle No. 1 (WE Controlled) (Notes 1, 2, 3) 


Data Undefined [4] 


Dout 


Notes: ; ' 

[1] A write occurs during the overlap of alow 

and a low WE. 

[2] SS or WE must be high during address 
transition. 

[3] 1 OE is high, 1/0 pins remain in a high- 
impedance state. 

[4} During this period, 1/O pins are in the 
output state, therefore input signals of 
opposite phase to the outputs must not be 
applied. 
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Low Vcc Data Retention Characteristics 


Ta = 0 to 70°C for pPD43256-10L/12L/16L 





Test 
Unit Conditions 


V CS2Vec-0.2V 


vA Voc=3.0V, 
CS2Voc—0.2V 


ns 


Limits 
Parameter Symbol Min Typ Max 
Dataretention VocpR 2.0 5.5 
supply voltage 
Data retention lccpR 1 50 
Supply current 
Chip deselection tcpr 0 
to data retention 
mode 
Operation tr tac 
recovery time 





uPD43256 


Data Retention Timing Chart 


C52 Vcc -0.2V 


GND @ 2 ee wee ee ee ee ee ee ee 


Note: 1. The other inputs (Addresses, OE, WE, I/Os) can be in a high- 
impedance state. 


83-001406A 





7-55 


uPD43256 NEC 
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ECL RAMs 8 





ECL RAMs N: E Cc 


Section 8 — ECL RAMs Page 
pPB10422 256 x 4-Bit IOK ECLIRAM | disso 2eveecs dese es Ueeses vcaid eadeaewa tous 8-1 
uPB10470 4,096 x 1-Bit 10K ECL RAM ........ cc cece ccc cece eee eceeeeteteteeteees 8-5 
yPB10474 1,024 x 4-Bit 10K ECL RAM ....... cc cece eee cece cence ee eeseeeneeeeees 8-9 
uPB100422 256 x 4-Bit 100K ECL RAM .... ccc cee e cece eee ceete cece teteceeees 8-13 
HPB100470 4,096 x 1-Bit 100K ECL RAM ........ cece cece cece ec ee cen eeeeeeneeees 8-17 
uPB100474 1,024 x 4-Bit 100K ECL RAM .......... ccc cece eee e cece eeeeceneneeeeees 8-21 
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NEC 


NEC Electronics Inc. 


uUPB10422 
256 x 4-BIT 
10K ECL RAM 


Revision 1 





Description 


The NEC wPB10422 is a very high speed ECL 10K 
interface RAM. It is organized as 256 words by 4 bits 
with non-inverted open emitter outputs and low power 
consumption. Two fast access time versions are 
available: 7 ns max. (uPB10422-7) and 10 ns max. 
(uPB10422-10). The uPB10422 is available in a 400 mil 
24-pin ceramic DIP. 


Features 


0 256 word x 4-bit organization 

[ ECL 10K interface 

CO Non-inverted open emitter output 
(1 Fast access times 

OC Low power consumption 

O Available in a 24-pin ceramic DIP 


Performance Ranges 


Access Supply 
Device Package Time (Max) Current (Min) 
vPB10422-7 24-pin ceramic DIP 7ns —220 mA 
uPB10422-10 24-pin ceramic DIP 10 ns —220 mA 


Pin Configuration 





Pin Identification 

No. Symbol Function 

1 Voca Power supply (output devices) 

2, 4, 21, 23 DO01-D04 Data outputs 

3, 5, 20, 22 BS;-BS4 Block select inputs 

6, 7, 18, 19 Diy-Dl4 Data inputs 

8 WE Write enable 

9-11, 13-17 Ag-A7 Addresses 

12 Veg Power supply 

24 Voc Power supply (current switches and 
bias driver) 

Block Diagram 


Y-Decoder/Driver. 


a 
EAS MW, 


Memory Cell Array 
256 Words x 4 Bits 


$s 
> 
= 
a 
= 
3 
x 


CHORCES 
RW Circuit [RAW Ciroult |RAW Circult RIW Circuit 


BS; Dty DO1 BS2 Diz DO2 BS3 DI3D03 BSg Di4 DOg 
83-003215A 
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Absolute Maximum Ratings 


Supply voltage, Veg to Voc +0.5 to -7.0V 
Input voltage, Vij +0.5 V to Veg 
Output current, Ioyt +0.1 to —30 mA 
Storage temperature, TsT¢ —65 to +150°C 

Under bias, TsTg¢ (bias) —55 to +125°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DC Characteristics 
Ta = 0 to 75°C, Veg = —5.2 V, output load = 502 to -2V 





Limits Test 
Parameter Symbol Min Max Unit Conditions 
Output voltage, high Vou —1000: - —840 mV Vin = Vin max or Vi_ min, Ta = 0°C 
—960 —810 mV Vin = Vin max or Vi_ min, Ta = 25°C 
900 —720 mV Vin = Vin max or Vi_ min, Ta = 75°C 
Output voltage, low VoL —1870 —1665 mV Vin = Vin max or Vi_ min, Ta = 0°C 
—1850 —1650 mV Vin = Vin Max or Vi_ min, Ta = 25°C - 
~1830 —1625 mV Vin = Vin max or Vi_ min, Ta = 75°C 
Output threshold voltage, high Von¢ —1020 mV Vin = Vin min or Vi_ max, Ta =0°C | 
~980 mV Vin = Vin min or Vi, max, Ta = 25°C 
—920 mV Vin = Vin min or Vi_ max, Ta = 75°C 
Output threshold voltage, low Vote —1645 mV Vin = Vin min or Vi_ max, Ta =0°C 
—1630 mV Vin = Vin min or Vy_ max, Ta = 25°C 
—1605 mV Vin = Vin min or Vi_ max, Ta = 75°C 
Input voltage, high Vin —1145 —840 mV For all inputs, Ta = 0°C 
—1105 —810 mV For all inputs, Ta = 25°C 
—1045 —720 mV For all inputs, Ta = 75°C 
Input voltage, low VIL —1870 —1490 mV For all inputs, Ty, = 0°C 
—1850 —1475 mV For all inputs, Ta = 25°C 
—1830 —1450 mV For all inputs, Ty, = 75°C 
Input current, high lH 220 BA Vin = Vin max 
Input current, low lit 0.5 170 uA BS1-BS4, Vin = Vi_ min 
—50 yA All others, Viy = Vj_ min 
Supply current “lee . —220 mA All inputs and outputs open 


Note: 


(1) Device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 
greater than 2.0 m/s. 
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Capacitance 
Limits 
uPB10422-7 = PB10422-10 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Input capacitance Cin 4 4 pF 
Output capacitance Coyr 5 5 pF 


AC Characteristics 
Ta =0 to 75°C, Veg = 5.2 V+ 5% 


Limits 

uPB10422-7 vPB10422-10 
Parameter Symbot Min Typ Max Min Typ Max _ Unit 
Read Mode 
Block select taps 5 5 ns 
access time 
Block select tres 5 5 ns 
recovery time 
Address access tya 7 10 ns 
time 
Write Mode 
Write pulse tw 5 6 ns 
width 
Data setup twsp 1 2 ns 
time 
Data hold twub 1 2 ns 
time 
Address setup twsa 1 2 ns 
time 
Address hold = twua 1 2 ns 
time 
Block select twsBs 1 2 ns 
setup time 
Block select twHBs 1 2 ns 
hold time 
Write disable — tws 5 5 ns 
time 
Write recovery twp 6 9 ns 
time 


Output Rise and Fall Times 





Output rise tr 2 2 ns 
time 

Output fall tr 2 2 ns 
time 

Note: 


(1) Device under test is mounted in a test socket and measured ata 
thermal equilibrium established with a transverse air flow main- 
tained at greater than 2.0 m/s. 


(2) All timing measurements are referenced to 50% input levels. 








uUPB10422 


Timing Waveforms 


Read Mode 


Address 


83-003218A 


Write Mode 


Address 
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vPB10422 


Figure 1. Loading Conditions Test Circult 


Vec(GND) = Veca (GND) 


Device 
Under 
Test 


83-003221A 
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Figure 2. Input Pulse 


-0.9V 


80% 
20% 
Vv 


-1.7 


tr tr 
Note: tr = te = 2.5 ns (typ). 
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NEC Electronics Inc. 


Description 


The NEC pPB10470 is a very high-speed ECL 100 K inter- 
face Random-access Memory. The device is organized 
as 4K words by 1bit, with an open emitter output (nonin- 
verted), and low power consumption. Two fast access 
time versions are available: 10ns max (uPB10470-10) and 
15ns max (uPB10470-15). 


The »PB100470 is available in a hermetic, 300mil, 18- - 


lead DIP. 


Features 


4K-word x 1-bit organization 

ECL 100K interface 

Open emitter output (noninverted) 

Fast access times 

Low power consumption 

Available in 18-lead, 300 mil, DIP and LCC 
2 performance ranges: 


OOOO000 








Access Power 
Device Package Time Consumption 
»PB10470-10 DIP 10ns max 1.2W max 
»PB10470-15 DIP 15ns max 1.2W max 


Block Diagram 


Memory Cell Array 
64 x 64 


Word Driver 


S 
; 
3 
2 
3 
3 
¢ 
x 


Sense Amp. and 
Write Drivers 


Y-Address Decoder 


Ag As Ag Ay Ag Ag 








4PB10470 
4,096 x 1-BIT 
10K ECL RAM 


Revision 1 


Pin Configuration 


83-003691A 


Pin Identification 

















Pin 
No. Symbol Function 

1 Dour Data Output 

igen Ag- Ay Addresses 
9 Vee Power Supply 
15 WE Write Enable 
16 cs Chip Enable 
17 Ow Data Input 
18 Veco Power Supply 


Absolute Maximum Ratings* 


Supply Voltage, Vee to Vcc 

Input Voltage, Vin 

Output Current, lout 

Storage Temperature, Tsrg 
Under Bias, Tsryg (Bias) 


+0.5V to —7.0V 
+0.5V to Vee 
+0.1mA to -30mA 
— 68°C to + 150°C 
— 55°C to + 125°C 

















* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 








Capacitance 
Limits 
10470-10 10470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Input Capacitance Cy 4 4 pF 
Output 
Capacitance Cour 5 7 pF 
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DC Characteristics © 
Ta—O0°C to + 75°C; Vee = — 5.2V; Output Load = 502 to — 2V 



































AC Characteristics (Cont.) © 
Ta = O°C to + 75°C; Vag = —5.2V+5% 















































Limits Output Rise and Fall Times 
Parameter Symbol = T,(°C) Min Typ Max Unit Test Conditions rere 
mits 
0 ~-1000 — 840 
: 10470-10 10470-15 
Vou +25 —960 -810 ——_—— Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
qaneut Se — 720 nV Vy=VaorV Rise Time t 2 2 ns 
Voltage 0 -1870 = 1665 ee ee m il 
Vo si«é+ 2S — 1850 — 1650 atl Lentad * : : ea 
+78 4 830 — 1625 Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
0 -1020 maintained. 
Vouc +25 -980 
Output +75  ~920 
Threshold mV Vin= Vino OF Vira Truth Table 
Voltage 9 ~ 1645 
Voie +25 ~ 1630 Input 
+75 — 1605 cs WE Din Output Mode 
0 -1145 — 840 a ai H x x L Not Selected 
juaranteed input 
Vin +25 - 1105 -810 voltage high for all L L L L Write 0 
Input +75 -1045 ~720 ¥ inputs. L L H L Write 1 
m 
Voltage 0 -1870 -1490 Guaranteed input L H x Dour Read 
Vii +28 = 1850 =1475 Mipbier tow for all Note: X= Don't care. 
+75 ~1830 —1450 , 
| Oto +75 220 Vin = V 
input " i oan Figure 1. Loading Conditions Test Circuit 
Oto +75 0.5 170 pA CS 
Current de - ——— Vn=Vis 
Oto +75 -50 Others 
Supply > All inputs and Voc (GND) 
Current lee Oto-+75 220 mA outputs are open. ? 





Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 


AC Characteristics © 
Ta = OC to + 75°C; Veg = —5.2V+5% 























Read Mode 
Limits 
10470-10 10470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Chip Select 
Access Time tacs 6 8 ne 
Chip Select 
Recovery Time tacs 6 8 ne 
Address Access 
Time tea 10 18 ns 
Write Mode 
Limits 
10470-10 10470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Write Pulse Width ty 10 15 ns 
Data Set-up Time twsp 2 2 ns 
Data Hold Time twuo 2 2 ns 
Address Set-up 
Time twsa 3 3 ns 
Address Hold 
Time twHa 2 2 ns 
Chip Select 
Set-up Time twses . 7 ne 
Chip Select 
Hold Time twcs 2 7 i 
Write Disable 
Time tws 6 8 ns 
Write Recovery 
Time twa 10 10 ns 





Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 


fe) 


-6 


Note: R, = 501); C, = 30pF. 





Figure 2. Input Pulse Test Circuit 


Note: t, =.t- = 2.5ns (typ). 





N: E Cc ».PB10470 


Timing Waveforms 


Read Mode Write Mode 


cs 


Address 
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NEC yPB10474 
1,024 x 4-BIT 
NEC Electronics Inc. | 10K ECL RAM 


Revision 1 





Description Pin Configuration 


The NEC uPB10474 is a very high speed ECL 10k 
interface random access memory (RAM). It is organ- 
ized as 1,024 words by 4 bits with non-inverted open 
emitter outputs and low power consumption. Three 
access time versions are available: 8 ns max. 
(uPB10474-8), 10 ns max. (uPB10474-10), and 15 ns 
max. (uPB10474-15). The wPB10474 is available in a 
hermetic, 400 mil, 24-pin DIP. 


5 
s 
°o 
eS 
a 
a 

Es 


Features 





QO) 1,024 word x 4-bit organization Signiaak 
O ECL 10k interface 
O Non-inverted open emitter outputs 


C Fast access times Pin Identification 


( Low power consumption No. Symbol Function 
O Available in a 24-pin 400 mil DIP (uPB10474D) 1 Veca Power supply (output devices) 
2, 3, 22, 23 DO,-D0, Data outputs 
Performance Ranges — e 
4-9, 11, 13-15  Ag-Ag Addresses 
Access Supply 3 
Device Package Time (Max) Current (Min) 10 NC No connection 
uPB10474-8 24-pin DIP 8ns —220 mA 12 VEE Power supply 
uPB10474-10 24-pin DIP 10 ns —220 mA 16 WE Write enable 
uPB10474-15 24-pin DIP 15ns —220 mA 7 cS Chip select 
18-21 Dly-Dl4 Data inputs 
24 Vec Power supply (current switches and 
bias driver) 


Block Diagram 


X-Decoder/ Memory Cell Array 
Driver 64x 16 x 14 





Sense Switch 


Data Y-Decoder/Driver Data 
Control Control 


Circuit Circuit 


Ag A7 Ag Ag 
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Absolute Maximum Ratings 


Supply voltage, Veg to Vcc +0.5 to -7.0 V 
Input voltage, Viny +0.5 V to Veg 
Output current, Igyt +0.1 to -30 mA 
Storage temperature, TsT¢ —65 to +150°C 

Under bias, Tstg(bias) —55 to +125°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DC Characteristics 
Ta = 0 to 75°C, Veg = —5.2 V, output load = 502 to -2 V 


Limits 
Parameter Symbol Min Typ 
Output voltage, high Vou —1000 
Vou —960 
Vou —900 
Output voltage, low VoL —1870 
VoL —1850 
VoL —1830 
Output threshold voltage, high Voyc —1020 
Voc —980 
Vouc —920 
Output threshold voltage, low  Voi¢c 
Voic 
Voic 
Input voltage, high Vin —1145 
Vin —1105 
Vin —1045 
Input voltage, low VIL —1870 
ViL —1850 
Vit —1830 
Input current, high liq 
Input current, low lit 0.5 
he —50 
Supply current leg —220 
Note: 


NEC 





Capacitance 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cw 4 pF f = 1 MHz 
Output capacitance Coy 5 pF f=1MHz 
Test 
Max Unit Conditions. 
—840 mV Vin = Vin max or Vit min, Ta = 0°C 
—810 mV Vin = Vin max or Vi_ min, Ta = 25°C 
—720 mV Vin = Vi4 max or Vi_ min, Ta = 75°C 
—1665 mV Vin = Vin max or Vi_ min, Ta =0°C 
—1650 . mV Vin = Vin Max or Vi_ min, Ta = 25°C 
~—1625 mV Vin = Vin max or Vi_ min, Ta = 75°C 
mV Vin = Vin min or Vj_ max, Ta = 0°C 
mV Vin = Vi min or Vj_ max, Ta = 25°C 
mV Vin = Vi min or Vj_ max, Ta = 75°C 
—1645 mV Vin = Vin min or Vit max, Ta = 0°C 
1630 mV Vin = Vin min or Vi_ max, Ta = 25°C 
—1605 mV Vin = Viyq min or Vip max, Ta = 75°C 
—840 mV For all inputs, Ta =0°C 
—810 mV For all inputs, Ta = 25°C 
—720 mV For all inputs, Ta = 75°C 
—1490 mV For all inputs, Ta =0°C 
—1475 mV For all inputs, Ta = 25°C 
—1450 mV For all inputs, Ta = 75°C 
220 yA Vin = Vin max 
170 yA For CS; Vin = Vit min 
HA For all others; Vij = Vi_ min 
mA All inputs and outputs open 


(1) Device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 


greater than 2.0 m/s. 
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AC Characteristics 
Ta = 0 to 75°C, Veg = —5.2 V + 5%, output load = 509 to ~2 V 








Limits 

uPB10474-8 uPB10474-10 uPB10474-15 
Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Unit 
Read Mode 
Chip select access time tacs 5 6 8 ns 
Chip select recovery time — trcs 5 6 8 ns 
Address access time taa 8 10 15 ns 
Write Mode 
Write pulse width tw 6 10 15 ns 
Data setup time twsp 1 2 2 ns 
Data hold time twub 1 2 2 ns 
Address setup time twsa 1 3 3 ns 
Address hold time tWHA 1 2 2 ns 
Chip select setup time twscs 1 2 2 ns 
Chip select hold time twucs 1 2 2 ns 
Write disable time tws 5 6 8 ns 
Write recovery time twrR 8 10 10 ns 
Output Rise and Fall Times 
Output rise time tr 2 2 2 ns 
Output fall time tr 2 2 2 ns 
Note: 


(1) The device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 
greater than 2.0 m/s. 


Figure 1. Loading Conditions Test Circuit Figure 2. Input Pulse 


Vec(GND) Vcca(GND) 
@) O 


tr tr 
Note: tn = te = 2.5 ns (typ). 
83-003336A 





Truth Table 
Input 
ts WE Din Output Mode 
H xX X L Not Selected 
L L L L Write 0 
L L H L Write 1 
L H X Dout Read 


uPB10474 N: E C 


Timing Waveforms 


Read Mode Write Mode 


Address 
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NEC ypPB100422 
256 x 4-BIT 
NEC Electronics Inc. 100K ECL RAM 


Revision 1 


Description Pin Configurations 


The NEC uPB100422 is a very high speed ECL 100k 
interface RAM. It is organized as 256 words by 4 bits 
with a non-inverted open emitter output and low power 
consumption. Two fast access time versions are 
available: 7 ns max. (uPB100422-7) and 10 ns max. 
(uPB100422-10). The uPB100422 is available in a 400 
mil 24-pin ceramic DIP or a 24-pin ceramic flatpack. 


24-Pin DIP 


N 
N 
z 
iJ 
So 
= 
ao 
a. 
a 


Features 


O 256 word x 4-bit organization 

OC) ECL 100k interface 

OX Non-inverted open emitter output 

Oi Fast access times 

C] Low power consumption 

0) Available in a 24-pin 400 mil DIP or a 24-pin flatpack 
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24-Pin Flatpack 
Performance Ranges 


Access Supply 
Device Package Time (Max) Current (Min) 
»#PB100422D-7 24-pin DIP 7ns —220mA 
uPB100422B-7 24-pin flat 7ns —220 mA 
»#PB100422D-10 24-pin DIP 10 ns ~220 mA 
uPB100422B-10 24-pin flat 10 ns —220 mA 


uPB100422 


83-003214A 








uUPB100422 

Pin Identification 

Ceramic DIP 

No. Symbol Function 

1, 12, 13,24 Dly-Dlg Data inputs 

2, 4,9, 11 BS,-BS4 Block select inputs 

3, 5, 8, 10 D04-D0,4 Data outputs 

6 Voc Power supply (current switches and bias 
driver) 

7 Voca Power supply (output devices) 

14 WE Write enable 

15-17, 19-23 Ag-A7 Addresses 

18 Veg Power supply 

Ceramic Flatpack 

No. Symbol Function 

1,2, 18-20,  Ag-A7 Addresses 

22-24 

3,4, 15,16  — Diy-Dlg Data inputs 

5,7,12,14  BSy-BS4 _ Block select inputs 

6,8, 11,13 D04-D0, Data outputs 

9 Voc Power supply (current switches and bias 
driver) 

10 Voca Power supply (output devices) 

17 WE Write enable 

21 Vee Power supply 
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Block Diagram 


Y-Decoder/Driver 


a 
7 RZ EES 


Memory Cell Array 
256 Words x 4 Bits 


SO oS 
PIW Cirout} AW Ciroutt [AW Cirouit|RIW Cireutt 


BSj Diy DO, BS2 Dig DO2 BSg DI3DO3 BS4 Dl4 DO, 
83-003215A 





Absolute Maximum Ratings 


Supply voltage, Veg to Voc +0.5 to -7.0V 
Input voltage, Vin +0.5 V to Veg 
Output current, loyt +0.1 to -30 mA 
Storage temperature, Tstg —65 to +150°C 


Under bias, TstG(bias) —55 to +125°C 
Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Limits 
uPB100422-7 uPB100422-10 
Parameter Symbol Min Typ Max Min Typ Max Unit 


Input capacitance Cy 4 4 pF 
Output capacitance Coyt 5 5 pF 


NEC 


DC Characteristics 


Ta = 0 to 85°C, Veg = —4.5 V, output load = 50 to -2 V 


Parameter Symbol 
Output voltage, high Vou 
Output voltage, low Vo 
Output threshold voltage, high Vouc 
Output threshold voltage, low Votc 
Input voltage, high Vin 
Input voltage, low ViL 
input current, high iy 
Input current, low lit 

Ii 
Supply current lee 
Note: 


Min 
—1025 
—1810 
—1035 


~1165 
—1810 


0.5 
—50 
—220 


uPB100422 
Limits ee Test 
Typ Max Unit Conditions 
—880 mV Vin = Vin max or Viz min 
—1620 mV Vin = Vin max or Vi_ min 
mV Vin = Vin min or Vj_ max 
~1610 mV Vin = Vin min or Vip max 
—880 mV For all inputs 
—1475 mV For all inputs 
220 uA Vin = Vin max 
170 HA BS4-BS4, Vin = Vi. min 
HA All others, Vin = Vi, min 
mA All inputs and outputs open 


(1) Device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 


greater than 2.0 m/s. 





AC Characteristics 
Ta = 0 to 85°C, Veg =—4.5V + 5% 
Limits 
uPB100422-7— =, PB100422-10 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Read Mode 
Block select taps 5 5 
access time 
Block select tres 5 5 
recovery time 
Address access tan 7 10 
time 
Write Mode 
Write pulse tw 5 6 
width 
Data setup twsp 1 2 
time 
Data hold twHp 1 2 
time 
Address setup twsa 1 2 
time 
Address hold = twua 1 2 
time 
Block select twsps 1 2 
setup time 
Block select tWHBS 1 2 
hold time 
Write disable  tws 5 5 
time 
Write recovery twp 6 9 
time 





Limits 
uPB100422-7 yPB100422-10 
Min Typ Max Min Typ Max Unit 





Parameter Symbol 


Output Rise and Fall Times 








Output rise time tp 2 2 ns 
Output fall time tr 2 2 ns 
Note: 


(1) Device under test is mounted in a test socket and measured at a 
thermal equilibrium established with a transverse air flow maintained 
at greater than 2.0 m/s. 


(2) All timing measurements are referenced to 50% input levels. 
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Figure 1. Loading Conditions Test Circuit Timing Waveforms 


Vec(GND) Veca(GND) Read Mode 
O © 


Device 
Under 
Test 


Address 





Figure 2. Input Pulse 


83-003218A 


Write Mode 


tr te 
Note: tp = te = 2.5 ns (typ). 





83-003219A 
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NEC Electronics Inc. 


uPB100470 
4,096 x 1-BIT 
100K ECL RAM 


Revision 1 





Description 


The NEC p.PB100470 is a very high-speed ECL 100K inter- 
face Random-access Memory with full voltage and 
temperature compensation. The device is organized as 
4K words by 1 bit, with an open emitter output (nonin- 
verted), and low power consumption. Two fast access 
time versions are available: 10ns max (uPB100470-10) 
and 15ns max (uPB100470-15). 


The »PB100470 is available in a hermetic, 300mil, 18- 
lead DIP 


Features 


4K-word x 1-bit organization 

ECL 100K interface with full voltage and 
temperature compensation 

Open emitter output (noninverted) 

Fast access times 

Low power consumption 

Available in 18-lead, 300 mil, DIP and LCC 
4 performance ranges: 


DOOOO OO 





Power 
Consumption 


1W max 
1W max 


Access 
Time 


10ns max 
15ns max 


Device Package 
».PB100470-10 DIP 
pPB100470-15 DIP 











Block Diagram 


Memory Cell Array 
64 x 64 


Sense Amp. and 
Write Drivers 
[ee 


Y-Address Decoder 


0000 


° 0 
As As AA; AgA, 





Pin Configuration 





Pin Identification 

















Pin 
No. Symbol Function 

1 Dour Data Output 

aeek Ao-Ay4 Addresses 
9 Vee Power Supply 
15 WE Write Enable 
16 cs Chip Select 
17 Ow Data Input 
18 Veo Power Supply 


Absolute Maximum Ratings* 
Supply Voltage, Vee to Voc 
Input Voltage, Vin 
Output Current, flour 
Storage Temperature, Tsrc¢ 
Under Bias, Ts1, (Bias) 


+0.5V to —7.0V 
+ 0.5V to Vee 
+0.1mA to —30mA 
— 65°C to + 150°C 
— 55°C to + 125°C 




















* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device isnotmeanttobe _ 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 








Capacitance 
Limits 
100470-10 100470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Input Capacitance Cy, 4 4 pF 
Output 
Capacitance Cour 5 s pF 
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DC Characteristics © 
T,=0°C to + 85°C; Vez= — 4.5V; 
Output Load = 500 to -2V 


Limits 
Parameter Symbol = T,4(°C) Min Typ ‘Max Unit Test Conditions 
Output Von Oto+85  —1025 ~ 880 
MV Vin=Vina OF V; 
Voltage Vou 0t0+85 —1810 — 1620 Be ee 
Output Vv Oto+85 1035 
Threshold —SHS MV Vin=Vine OF Vira 
Voltage Voice Oto +85 -1610 
Guaranteed input 

Vin Oto +85 ~ 1165 — 880 voltage high for all 
Input mv inputs. 
Voltage Guaranteed input 

Vie Oto +85 ~ 1810 — 1475 voltage low for all 

inputs. 

lin Oto +85 220 Vin = Vina 

Input a aT = 
0.5 170 pA CS 

Current 1 Oto +85 ———_ Wn=V, 

a —50 Others ™ '® 
Supply = All inputs and 
Current lee Oto'+ 85 220 mA outputs are open. 


Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 


AC Characteristics © 
Ta = O°Cto +85°C; Vee = —4.5V + 5% 





Read Mode 
Limits 
100470-10 100470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Chip Select 
Access Time tacs 8 8 ne 
Chip Select tae 6 8 ne 


Recovery Time. 
Address Access 






































Time tan 10 15 ns 
Write Mode 
Limits 
100470-10 100470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max: Unit Conditions 
Write Pulse Width ty 10 158 ns 
Data Set-up Time twsp 2 2 ns 
Data Hoid Time twup 2 ‘ 2 ns 
Address Set-up — 
Time twsa 3 3 ns 
Address Hold 
Time twHa 2 2 ns 
Chip Select : 
Set-up Time twscs 7 2 ne 
Chip Select 
Hold Time twucs . 7 ns 
Write Disable 
Time tws 6 8 ns 
Write Recover 
tim - ¥ twr 10 10 ons 





Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 
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AC Characteristics (Cont.) © 
Ta = O°Cto +85°C; Vez = — 4.5V + 5% 
Output Rise and Fall Times 








Limits 
100470-10 100470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Rise Time ta 2 2 ns 
Fall Time te 2 2 ns 





Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 




















maintained. 
Truth Table 
Input 
cs WE Din Output Mode 
H x x L Not Selected 
L L L L Write 0 
L L H L Write 1 
L H xX Dour Read 





Note: X= Don't care. 


Figure 1. Loading Conditions Test Circuit 


Vec (GND) 





Note: t, = t, = 2.5ns (typ). 





N: EK Cc ».PB100470 


Timing Waveforms 


cs tacs 
Dour tacs 


Read Mode 


Address 


Dour 
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NEC uPB100474 
1,024 x 4-BIT 
NEC Electronics Inc. 100K ECL RAM 


Revision 1 





Description Pin Configurations 


NEC’s uPB100474 is a very high-speed ECL 100K 
interface random access memory. The uPB100474 is 
organized as 1K words by 4 bits with open emitter 
outputs (non-inverted). It is available in a her- 
metic DIP (u~PB100474D), leadless chip carrier 
(LCC) (uPB100474kK), or ceramic flatpack package 
(uPB100474B) version. 


24-Pin Ceramic DIP 


uPB100474 


Features 


1 
2 
3 
4 
5 
6 
7 
8 
9 


1 1K-word bx 4-bit organization 

1 ECL 100K interface 

OC Full voltage and temperature compensation 
C] Open emitter outputs (non-inverted) 

(] Fast access times 

C) Available in DIP, LCC, and flatpack versions 


83-003561A 





Performance Ranges 


Access Supply 
Device Packages Time (Max) Current (Min) ye Jobe 
uPB100474-4.5 K 4.5ns —450 mA 
uPB100474-6 B/K 6ns —450 mA 
uPB100474-8 B/D 8ns —220 mA PB 100474 
uPB100474-10 B/D 10 ns —220 mA 


uPB100474-15 B/D 15 ns —220 mA 


Block Diagram 


DO; DO2 Vcc Veca DO3 





83-003562A 


Memory Cell Array 
64x 1624 





Output 
Data 


Controt 
Circuit 
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Pin Configurations (cont) 


24-Pin Ceramic Flatpack 


83-003563A 





Pin Identification 


Ceramic DIP 

No. Symbol Function 

1-3, 24 Dly-Dlg Data inputs 

4,5, 8,9 DO,-D04 Data outputs 

6 Voc Power supply (current switches and 
bias driver) 

7 Voca Power supply (output devices) 
Addresses 


10-15, 17, AgrAg 
19-21 


16 NC No connection 
18 Ver Power supply 
22 WE Write enable 
23 cs Chip select 
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Pin Identification (cont) 


Ceramic LCC 

No. Symbol Function 

1 Vec Power supply (current switches 
and bias driver) 

2 Voca Power supply (output devices) | 

3, 4, 23, 24 D0;-D04 Data outputs 

5-10, 12, 14-16 Ao-Ag Addresses 

11 NC No connection 

13 Vee Power supply 

17 WE Write enable 

18 cs Chip select 

19-22 Di4-Dig Data inputs 

Ceramic Flatpack 

No. Symbol Function 

1 WE Write enable 

2 ts Chip select 

3-6 Dl4-Dlg Data inputs 

7, 8, 11, 12 D04-D04 Data outputs 

9 Veo Power supply (current switches 
and bias driver) 

10 Voca Power supply (output devices) 

13-18, 20, 22-24 Ao-Ag Addresses 

19 NC No connection 

21 Ver Power supply 


Absolute Maximum Ratings 


Supply voltage, Veg to Voc +0.5 to -7.0 V 
Input voltage, Vin +0.5 V to Veg 
Output current, lout +0.1 to -30 mA 
Storage temperature, Tstg —65 to +150°C 

Under bias, Tstg (Bias) —55 to +125°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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yPB100474 
DC Characteristics Capacitance 
Ta = 0 to +85°C; Veg = —4.5 V; Output load = 50N to -2 V rT 
mits Test 
Limits Test Parameter Symbol Min Typ Max Unit Conditions 

Parameter Symbol Min Typ Max Unit Conditions Input Cin 4 pF 
Output voltage = Voy += 1025 —880 mV Vin = Vin max capacitance 
high or Vi_ min Output Cout 5 pF 
Output voltage Vo, —1810  —1620 mV Vin=Viy max capacitance 
low or Viz min 
Output threshold Voce —1035 mV Vin = Vin min Figure 1. Loading Conditions Test Circult 
voltage high or Vi_ max 
Output threshold Voc —1610 mV Vin=Viq min or Vec [GND] Veca [GND] 
voltage low Vit max 
Input voltage Vin 1165 —880 mV Guaranteed 
high input voltage Device 

high for all Under Test 

inputs cL 
Input voltage Vit 1810 —1475 mV Guaranteed 
low input voltage 

low for all 4 

inputs ei Vee -20V 
Input current iw 220 vA Vin = Vip max 
high Note: 

— Ry = 509; 
Input current low =I. 0.5 170 vA CS, For —8/10/15, C. = 30 pF; for — 4.5/6, C. = 5 pF. 

Vin = Vit min 83-003565A 

—50 HA Others, 

Vin = Vit min Figure 2. Input Pulse 
Supply current lee  —450 —360 mA tana = 4.5/6 ns, 

all inputs and 

outputs open 

(Note 2) 

—220 —160 mA taa=8/10/15ns, 

all inputs and 

outputs open 

(Note 2) 
Note: iv 


(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/sec. 


(2) For the 4PB100474-4.5/6, take measures to reduce the thermal 
resistance and to keep the junction temperature less than 90°C. 
Forced air and appropriate fins on the substrate on which the 
package is mounted, or on the package itself, are recommended. 
The thermal resistance of the junction to the case (bottom side) of 
an LCC or flatpack package is less than 10°C/W. 





Truth Table 
Input 
cs WE Din Output Mode 
H X xX L Not selected 
L L L L Write 0 
L L H L Write 1 
L H X Dout Read 
Note: 


X = Don't care. 


















(1] te = te = 2.0 ns 









83-003566A 
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q) 


HPB100474 NE 


AC Characteristics 
Ta = 0 to +85°C; Veg = —4.5 V +5%; Output load = 50M to —2 V 























: Limits 

“uPB100474-4.5 .PB100474-6 _,PB100474-8 _,PB100474-10 _.PB100474-15 
Parameter Symbol Min Typ Max Min Typ Max Min Typ: Max Min Typ Max Min Typ Max Unit 
Read Mode 
Chip select access time tacs 4 4 5 6 8 ns 
Chip select recovery time tacs 4 4 5 6 8 ns 
Address access time taa 45 6 8 10 15 ns 
Write Mode 
Write pulse width tw 45 6 6 10 15 ns 
Data setup time twsp 1 1 1 2 2 ns 
Data hold time twup 1 1 1 2 2 ns 
Address setup time twsa 1 1 1 3 3 ns 
Address hold time twHA 2 2 1 2 2 ns 
Chip select setup time twscs 1 1 1 2 2 ns 
Chip select hold time twucs 1 1 1 2 2 ns 
Write disable time tws 4 4 5 6 8 ns 
Write recovery time twr 4.5 6 8 10 10 ns 
Rise and Fall Times . 
Output rise time tp 2 2 2 2 2 ns 
Output fall time tr 2 2 2 2 2 - ns 
Note: | 


(1) The device under test (DUT) is mounted in a test socket and is measured at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/sec. 


(2) For the 4PB100474-4.5/6, take measures to reduce the thermal resistance and to keep the junction temperature less than 90°C. Forced 
air and appropriate fins on the substrate on which the package is mounted, or on the package itself, are recommended. The thermal 
resistance of the junction to the case (bottom side) of an LCC or flatpack package is less than 10°C/W. 


(3) See figures 1 and 2 for loading conditions and input pulse timing. For the 4PB100474-4.5/6, C, = 5 pF. For the uPB100474-8/10/15, 
C, = 30 pF. 
Timing Waveforms 


Read Mode Write Mode 


Address 


Address 





83-003567A 83-003568A 
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UV and OTP EPROMs 9 





UV and OTP EPROMs 
Section 9 — UV and OTP EPROMs Page 
uPD2764 8,192 x 8-Bit NUOS UV/OTP EPROM ..........ccceecceceecenceneeeenes 9-1 
uPD27128 16,384 x 8-Bit NUOS UV/OTP EPROM  ..........ccceceecenceeeeneeenes 9-5 
uPD27256 32,768 x 8-Bit NMOS UV EPROM ..........cceeceeceeceeceecenceeenens 9-9 
uPD27C64 8,192 x 8-Bit CMOS UV/OTP EPROM .........cccecceececeeceecucees 9-13 
uPD27C256 32,768 x 8-Bit CMOS UV/OTP EPROM ...........cccecceeceeceececens 9-19 
uPD27C256A _— 32,768 x 8-Bit CMOS UV/OTP EPROM ..........ccccecceeceeeeeeenees 9-23 
uPD27C512 65,536 x 8-Bit CMOS UV EPROM .... ccc ccc cece cece cere ete eeenene 9-29 
uPD27C1024 65,536 x 16-Bit CMOS UV EPROM ..........cccecee cet eecenceeeecees 9-35 
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NEC Electronics Inc. 


.PD2764 
8,192 x 8-BIT 
NMOS UV/OTP EPROM 


Revision 1 





Description 

The ,£PD2764 is a 65,536-bit (8,192 x 8-bit) electrically pro- 
grammable read-only memory (EPROM). It operates from a 
single +5V supply making it ideal for microprocessor appli- 
cations. It features an output enable control and offers a 
standby mode with reduction in power consumption. 

A distinctive feature of the 1.PD2764 is a separate output 
enable control (OE) in addition to the chip enable control 
(CE). The OE control eliminates bus contention in multiple- 
bus microprocessor systems. The .PD2764 features con- 
ventional, simple one-pulse programming controlled by TTL- 
level signals as well as a high-speed programming mode. 
Total programming time for all 65,536 bits is 420 seconds 
for conventional mode, and typically 60 to 120 seconds for 
the high-speed mode. 

The PD2764 is available in a cerdip package with a quartz 
window as an ultraviolet (UV), erasable EPROM, or in a 
plastic package as a one-time-programmable (OTP), non- 
erasable EPROM. 


Features 
_) Ultraviolet erasable and electrically programmable 
L] Access time—200ns max 
L] Low power dissipation: 80mA max (active) 
25mA max (standby) 

CL] High-speed programming mode 

(typical program time 60s to 120s) 
L] Programmable with single pulse 

(total program time 420s) 
CJ Industry standard pinout (JEDEC approved) 
C4 performance ranges 





Max Vcc Supply Current 
Device Max Access Time LT 
Active Standby 
pu PD2764-2 200ns 80mA 25mA 
pPD27640 250ns 80mA 25mA 
pPD2764-30 300ns 80mA 25mA 
pPD2764-40 450ns 80mA 25mA 


Note: © Available as either UV or OTP. 


Block Diagram 


Data Outputs/Inputs 
lo~O7 


re 


Vee Q———— 
GND O———> 
Vee QO———> 


PGM Output Enable 

P “————] Chip Enable and : 
CE Program Logic Input/Output Bufters 
OE 


Y-Gating 


Y- 
Decoder 


Decoder 


Ao-Ai2 
Address 

Inputs 65,536-bit 
Cell Matrix 





Pin Configuration 





Pin Identification 





Ao-Ar2 Addresses 
ec ©. Output Enable 
0-07 —ts—<“CstsSSOSsSSSTC SS Bat Outputs 
CE Chip Enable 
PGM Program 
NC No Connect 
Mode Selection 

Pins CE OE PGM Vep Vcc Outputs 
Mode (20) (22) (27) () (28) (11-13, 15-19) 
Read Vue Viv Vin Vcc Vec Dour 
Standby Vin x X Vec Vee High Z 
Program Vie Vin Vit Vep Vcc Din 
Program Verify Vit Vit Vin Vep Veco Dour 
Program Inhibit Vin x x Vpp Vcc High Z 
Note: X can be either Vit or Vin. 
Absolute Maximum Ratings* 
Operating Temperature —10°C to +80°C 
Storage Temperature —65°C to +125°C 
Output Voltage —0.6V to +6.5V 
Input Voltage —0.6V to +6.5V 
Supply Voltage Vcc —0.6V to +6.5V 
Supply Voltage Vpp —0.6V to +22V 


*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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DC Characteristics 
Read Mode and Standby Mode 
Ta = OC to + 70°C; Vec = +5V + 5%: Vee = Vee 


Limits 

Parameter Symbol Min Typ Max Unit_—‘ Test Conditions 
Output High Voltage Vou 24 v lon = —400nA 
Output Low Voltage Vor 0.45 Vv lo. = 2.1mA 
Input High Voltage Vin 2.0 Veo +1 Vv 
Input Low Voltage Vin ~-0.1 0.8 Vv 
Output Leakage Current to 10 pA Vout = 5.25V 
Input Leakage Current fu 10 pA Vin = 5.25V 
Vee Standby Ieci 25 mA CE = Vn 
Current Active tecz 60 mA OE = CE=Vun 
decile tpi 15 mA Vp = 5.25V 


Note: Vpp may be connected directly to Vcc except during programming. 


Program, Program Verify, and Program inhibit Modes 
Ta = 25°C + 5°C3 Vec* = +5V + 5%; Vep = + 21V + 0.5V 


Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input High Voltage Vin 2.0 Vee +1 Vv 
input Low Voltage Vit -01 08 Vv 
Input Leakage Current fu 10 pA Vin = Vir or Vin 
Output High Voltage Von 2.4 Vv lon = —400pA 
Output Low Voltage Voi 0.45 Vv lo. = 2.1mA 
Vcc Current lec2 100 mA 
Vep Current lpp 30 mA CE=PGM=Vy. 
“Vec = 6V + 5% for high-speed programming. 
AC Characteristics 
Read Mode and Standby Mode 
Ta = O°C to +70°C; Vec = +5V + 5% 
Limits 
2764-2 27640 2764-30 2764-40 Test 








Parameter Symbol Min Max Min Max Min Max Min Max Unit Conditions 


Address to Be aes 
Output tacc 200 250 300 450 ns CE=OE=Vi 
Delay 

cee ee 200 250 300 450 ns OE=Vn 
OE/Vpp to i 

Data Output toe 70 100 120 120 ns CE=Vi 
Delay 

OE/Vpp to : = 

Date Output tor 0 60 660 8 0 106 0 105 ns CE=Vu 

Float Delay 

Address to ‘ ee 
Output Hold ton 0 0 0 0 ns CE =O0E=Vi 
Time 


Note: © Available as either UV or OTP. 


Test Conditions— 
Output Load: 1TTL gate and C, = 100pF 
Input Rise and Fall Times: 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Levels: | 
Inputs: 1.0V and 2.0V 
Outputs: 0.8V and 2.0V 


Program, Program Verify, and Program Inhibit Modes 
Ta = 25°C + 5°C; Vec* = +5V + 5%; Vep = +21V + 0.5V 
Limits 





Parameter Symboi Min Typ Max Unit Test Conditions 
Address Setup Time tas 2 ps 
OE Setup Time toes 2 ps 
Data Setup Time 2 Input Pulse Levels 
= = = 0.8V to 2.2V 
Address Hold Time tan 0 ps input Timing 
CE Setup Time tces 2 ps Reference Level = 
1.0V and 2.0V 
Data Hold Time ton 2 ps Output Timing 
Chip Enable to Output Reference Level = 
Float Delay ; tor . 13098 0.8V and 2V 
Data Valid from OE toe 150 ns Input Rise and Fall 
$<. $$$ —____——_——————_ Times: 20ns 
Program Pulse Width* tew 45 50 55 ms 
Vpp Setup Time tvs 2 ps 
“Voc = 6V + 5% and tpw = 1 ms + 5% for high-speed programming. 
Capacitance 
Ta = 25°C; f= 1MHz 
Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input Capacitance Cin 4 8 pF Vin = OV 
Output Capacitance Cour 8 14 pF Vout = 0V 
Function 


The »PD2764 operates from a single +5V power supply 
making it ideal for microprocessor applications. 

The »PD2764 features a standby mode which reduces the 
power dissipation. 


Operation 

The five operation modes of the ~PD2764 are listed in Ta- 
ble 1. In the read mode the only power supply required is a 
+5V supply. During programming all inputs are TTL levels 
except for Vpp which rises from Vcc level to 21V. 


Read Mode 

When CE and OE are at a low (0) level, Read is set and 
data is available at the outputs after toe from the falling edge 
of OE and tacc after setting the address. 


Standby Mode 

The .PD2764 is placed in a standby mode with the applica- 
tion of a high (1) level TTL signal to the CE input. In this 
mode the outputs are in a high impedance state, indepen- — 
dent of the OE input. The active power dissipation is also re- 
duced. 


Programming Modes 

The ».PD2764 can be programmed in two ways: (1) conven- 
tional programming mode, and (2) high-speed programming 
mode. In.the conventional mode, basically a 50ms PGM 
pulse is applied to each bit location. The high-speed pro- 
gramming mode is similar to the Intelligent Programming Al- 
gorithm™, in which up to fifteen. 1ms PGM pulses are ap- 
plied to each bit location, followed by an additional 4ms 


’ PGM pulse for each number of 1ms pulse applied before. 


The high-speed programming mode reduces the program- 
ming time to 60s to 120s typical. 


ae Intelligent Programming Algorithm is a registered trademark of Intel Corporation. 
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Conventional Programming Mode 

Programming begins with erasing all data and consequently 
having all bits in the high (1) level state. Data is then entered 
by programming a low (0) level TTL signal into the chosen 
bit location. 

The .PD2764 is placed in the programming mode by apply- 
ing a low (0) level TTL signal to the CE and PGM inputs with 
Vpp at +21V. The data to be programmed is applied to the 
output pins in 8-bit parallel form at TTL levels. 

Any location can be programmed at any time, either individ- 
ually, sequentially, or at random. 

When multiple £PD2764s are connected in parallel except 
for CE, individual £PD2764s can be programmed by apply- 
ing a low (0) level TTL pulse to the PGM input of the desired 
.PD2764 to be programmed. 

Programming of multiple £PD2764s in parallel with the 
same data is easily accomplished. All the like inputs are tied 
together and programmed by applying a low (0) level TTL 
pulse to the PGM inputs. 

High-speed Programming Mode 

in this mode, programming begins by addressing the first lo- 
cation, and applying valid data to the eight output pins (a 
low level TTL signal, 0, into the chosen bit location). 

Voc is then raised to 6V + 0.25V followed by Vpp raised to 
21V + 0.5V. A PGM pulse of 1ms + 5% is then applied in 
the same manner as described in the program mode timing 
diagram. The bit is then verified and a program/no program 
decision is made. If the bit is not programmed, another 1ms 
PGM pulse is applied, to a maximum of fifteen times. If the 
bit gets programmed within fifteen efforts, another pulse of 
4ms for each effort is applied and the next address is ap- 
plied. If the bit does not get programmed in fifteen ims ef- 
forts, another PGM pulse of 60ms is applied and the bit veri- 
fied. If the bit is not programmed at this stage, the device 
would be rejected as a program failure. If the bit is pro- 
grammed, the next address is applied until all addresses are 
complete. 

At this stage, Vcc and Vpp pins are lowered to 5V + 5% and 
all bytes are then verified again for programming. 


Program Verify Mode 

A verify should be performed on the programmed bits to de- 
termine that the data was correctly programmed. The pro- 
gram verify can be performed with CE and OE at low (0) 
levels and PGM at a high (1) level. 


Programming Inhibit Mode 

Programming multiple 1.PD2764s in parallel with different __ 
data is easier with the program inhibit mode. Except for CE 
(or PGM) all like inputs (including OE) of the parallel 
p.PD2764s may be common. Programming is accomplished 
by applying a low (0) TTL-level program pulse to the CE and 
PGM inputs with Vep at +21V. A high (1) level applied to 
the CE (or PGM) of the other £PD2764 will inhibit it from 
being programmed. 





yu PD2764 


Output Disable 


The data outputs of two or more 4PD2764s may be wire- 
ORed together to the same data bus. In order to prevent 
bus contention problems between devices, all but the se- 
lected 4PD2764s should be disabled by raising the CE 
input to a TTL high. OE input should be made common to 
all devices and connected to the read line from the system 
control bus. These connections offer the lowest average 
power consumption. 


Erasure Mode 

Erasure of the 4PD2764 programmed data can be attained 
when exposed to light with wavelengths shorter than ap- 
proximately 4,000 Angstroms (A). It should be noted that 
constant exposure to direct sunlight or room level fluores- 
cent lighting could erase the 14PD2764. Consequently, if the 
»-PD2764 is to be exposed to these types of lighting condi- 
tions for long periods of time, its window should be masked 
to prevent unintentional erasure. Opaque labels are supplied 
with every device. 

The recommended erasure procedure for the 4.PD2764 

is exposure to ultraviolet light with wavelengths of 2,537 
Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be not less than 
15W-sec/cm’. The erasure time is approximately 15 to 20 
minutes using an ultraviolet lamp of 12,000,,.W/cm? power 
rating. 

During erasure, the 4.PD2764 shouid be placed within 1 
inch of the lamp tubes. If the lamps have filters on the tubes, 
the filters should be removed before erasure. 


Timing Waveforms 


Read Mode 


oe 4 = 
ton} (<- 
fo) ——= 
Oo-7 Valid Output 
High Impedance =o i High Impedance 


Notes: ©OE may be delayed up to tacc — toe after the falling edge of CE 
for read mode without impact on tacc. 


@ tor is specified from OE or CE, whichever occurs first. 





Program Mode 


Program _ 
Verity 


(aaaressn [Th 
a, | 


«-—-— - Program -- ~~ ---»}«— 


Addresses 


Data 
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Description 

The £PD27128 is a 131,072-bit (16,384 x 8) electrically 
programmable read-only memory (EPROM). It operates 
from a single +5V supply making it ideal for microprocessor 
applications. It features an output enable contro! and offers 
a standhy mode with reduction in power consumption. 

A distinctive feature of the ~PD27128 is a separate output 
enable control (OE) in addition to the chip enable control 
(CE). The OE control eliminates bus contention in multiple- 
bus microprocessor systems. The 4PD27128 features con- 
ventional, simple one-pulse programming controlled by TTL- 
level signals as well as a high-speed programming mode. 
Total programming time for all 131,072 bits is 820 seconds 
for the conventional mode, and typically 120 seconds for the 
high-speed mode. 

The wPD27128 is available in a cerdip package as an ultra- 
violet (UV), erasable EPROM, or in a plastic package as a 
one-time-programmable (OTP), non-erasable EPROM. 


Features 
_] Ultraviolet erasable and electrically programmable 
(J Access time—200ns max 
[_] Low power dissipation: 100mA max active current 
25mA max standby current 
(J High-speed programming mode 
(typical program time 120s) 
C] Programmable with single pulse 
(total program time 820s) 
[1] Industry standard pinout (JEDEC approved) 
C] 4 performance ranges 








Max Vcc Supply Current 
Device Max Access Time 
Active Standby 
pPD27128-2 200ns 100mA 25mA 
pPD271280 250ns 100mA 25mA 
uPD27128-30 300ns 100mA 25mA 
uPD27128-4 0 450ns 100mA 25mA 


Note: © Available as either UV or OTP. 


Block Diagram 


Data Outputs/Inputs 
Oo-O7 


Vee O-————> 
GND O———> 
Vee O-————> 


BGM Output Enable 
“—~——|_ Chip Enable and 
te Program Logic Input/Output Buffers 
OE 
: | yeeing 


a 


Y-Gating 


Ao-Ay3 
Address 
Inputs 131,072-bit 


X- 
Decoder Cell Matrix 
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16,384 x 8-BIT 
NMOS UV/OTP EPROM 


Revision 1 


Pin Configuration 





Pin Identification 


Ao-A13 Addresses 
OE Output Enable 
Qo-07 Data Outputs 
CE Chip Enable 
PGM Program 





Mode Selection 


; oe CE GE PGM Ver Vee Outputs 
Mode (20) (22) (27) (1) (28) (11-13, 15-19) 
Read Vie Vit Vin Veco Vee Dout 
Standby Vin Xx X Vee “Vee High Z 
Program Vit Vin Vit Ver Veco Din 
Program Verify Vi ViL ViK Vpp Veco Dour 
Program inhibit Vin x x Vpp Veco High Z 
High Speed Programming Vit Vin Vit Vep Veo Din 


Note: X can be either Vit or Vin. 


Absolute Maximum Ratings* 


Operating Temperature —10°C to +80°C 
Storage Temperature —65°C to +125°C 
Output Voltage —0.6V to 7.0V 
Input Voltage —0.6V to 7.0V 
Supply Voltage Vec —0.6V to 7.0V 
Supply Voltage Vpp —0.6V to +22V 


*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability, 


Capacitance 
Ta = 25°C; f = 1MHz 
Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input Capacitance Cin 4 8 pF Vin = OV 
Output Capacitance Cour 8 14 pF Vour = OV 
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DC Characteristics 
Read Mode and Standby Mode 
Ta = O°C to + 70°C; Voc = +5V + 5% Vep = Vec 





Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 
Output High Voltage Vox 24 Vv lon = —400pA 
Output Low Voltage VoL 0.45 Vv Jo. = 2.1mMA 
Input High Voltage Vin 2.0 Veco + 1 Vv 
Input Low Voltage Vi -0.1 0.8 v 
Output Leakage Current lLo 10 pA Vout = 5.25V 
Input Leakage Current lu 10 pA Vin = 5.25V 
Vec Standby lees 25 mA CE = Vin 
Current Active Ieee 60 100 mA OE = CE = Vi 
Ver try 15 mA Vpp = 5.25V 


Current 


Program, Program Verify, and Program Inhibit Modes 
Ta = 25°C + 5°C3 Veco © = +5V + 5%; Vpp = + 21V + O.5V 
Limits 


ee eed 














' Parameter Symbol Min Typ Max Unit Test Conditions 
Input High Voltage Vin 2.0 Vcc + 1 Vv 
Input Low Voitage Vit -0.1 0.8 Vv 
Input Leakage Current lu 10 pA Vin = Vir or Vin 
Output High Voltage Vou 2.4 Vv lon = —400pA 
Output Low Voltage VoL 0.45 v fou = 2.1mA 
Program mE 
Vcc Icc1 25mA CE = Vin 
Current Inhibit 
Program 
Verity loca 100mA 
Program Ippe 30mA CE = PGM = Vi 
Program CE=V 
Vep lpps 15mA = 
Current Verify PGM = Vin 
ais ha lppa 15mA CE = Vm 


Note: © Vcc = 6V + 0.25V for high-speed programming. 


AC Characteristics 
Read Mode and Standby Mode 
Ta = O°C to +70°C3 Veo = +5V + 5%} Vep = Veco 
Limits 
27128-2 271280 27128-30 


27128-40 Test 
Parameter Symbol! Min Max Min Max Min Max 


Min Max Unit Conditions 


Output tace 200 250 300 450 ns GE = OE= 
Delay cs 

at ~ 

Oelay Output tee 200 250 300 450 ng OE= Vn 
Output En- _ 

able to Out- toe 75 100 420 150 ns CE=Vi 
put Delay 

Output En- 

able High to 7 
Output De- tor tt) 60 0 85 0 105 0 130 ns CE=Vi 
lay 

Address to Pee 
Output Hold tou 0 0 0 0 ns - = O0E= 
Time is 


Note: © Available as either UV or OTP. 


Test Conditions— 
Output Load: See Fig. 1. 
Input Rise and Fall Times: 20ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Levels: 
Inputs: 0.8V and 2.0V 
Outputs: 0.8V and 2.0V 
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AC Characteristics (Cont.) 

Program, Program Verify, and Program Inhibit Modes 

Ta = 25°C + 5°C; Vec = +5V + 5%; Vep = +21V + 0.5V 
Limits 

Symbol Min Typ Max Unit 


Parameter Test Conditions 
Address Setup Time tas 2 ns Input Pulse Levels 
GE Setup Time toes 2 ps = 0.45V to 2.4V 

Input Timing 
Data Setup Time tos 2 Hs Reference Level = 
Address Hold Time tax 0 ps 0.8V and 2.0V 
CE Set Output Timing 
a pare ieee 2 us Reference Level = 
Data Hold Time tox 2 ps 0.8V and 2V 
Chip Enable to Output Input Rise and Fall 
Fost Delay = tor 0 130 ns Times: 20ns 
Data Valid from OE toe 150 ns 
Program Pulse Width® tew 45 50 55 ms 
Vpp Setup Time tvs 2 pS 


Note: OVcc = 6V + 0.25V and tew = 1 ms + 5% for high-speed programming. 


Test Conditions— 

Input Pulse Levels = 0.45V to 2.4V 

Input Timing Reference Level = 0.8V and 2.0V 
Output Timing Reference Level = 0.8V and 2V 
Input Rise and Fall Times: 20ns 


Figure 1. Loading Conditions Test Circuit 
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Function 

The ~PD27128 operates from a single +5V power supply 
making it ideal for microprocessor applications. 

The j£PD27128 features a standby mode which reduces the 
power dissipation. 


Operation 

The six operation modes of the ~»PD27128 are listed in Ta- 
ble 1. In the read mode the only power supply required is a 
+5V supply. During programming all inputs are TTL levels 
except for Vep which rises from Vcc level to 21V. 

Read Mode 

When CE and OE are at a low (0) level, Read is set and 
data is available at the outputs after toe from the falling edge 
of OE and tacc after setting the address. 

Standby Mode 

The 4PD27128 is placed in a standby mode with the appli- 
cation of a high (1) level TTL signal to the CE input. In this 
mode the outputs are in a high impedance state, indepen- 
dent of the OE input. The active power dissipation is also re- 
duced. 


Programming Modes 

The ».PD27128 can be programmed in two ways: (1) con- 
ventional programming mode, and (2) high-speed program- 
ming mode. In the conventional mode, basically a 50ms 
PGM pulse is applied to each bit location. The high-speed 
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programming mode is similar to the Intelligent Programming 
Algorithm™, in which up to fifteen 1ms PGM pulses are ap- 
plied to each bit location, followed by an additional 4ms 
PGM pulse for each number of 1ms pulses applied before. 
The high-speed programming mode reduces the program- 
ming time to 120s typical. 

Conventional Programming Mode 

Programming begins with erasing all data and consequently 
having all bits in the high (1) level state. Data is then entered 
by programming a low (0) level TTL signal into the chosen 
bit location. 

The .PD27128 is placed in the programming mode by ap- 
plying a low (0) level TTL signal to the CE and PGM with Vpp 
at +21V. The data to be programmed is applied to the out- 
put pins in 8-bit parallel form at TTL levels. 

Any location can be programmed at any time, either individ- 
ually, sequentially, or at random. 

When multiple .PD27128s are connected in parallel except 
for CE, individual £PD27128s can be programmed by ap- 
plying a low (0) level TTL pulse to the PGM input of the de- 
sired ~PD27128 to be programmed. 

Programming of multiple 1.PD27128s in parallel with the 
same data is easily accomplished. All the like inputs are tied 
together and programmed by applying a low (0) level TTL 
pulse to the PGM inputs. 

High-speed Programming Mode 

In this mode, programming begins by addressing the first lo- 
cation, and valid data appearing at the eight output pins (a 
low level TTL signal, 0, into the chosen bit location). 

Voc is then raised to 6V + 0.25V followed by Vpp raised to 
21V + 0.5V. APGM pulse of 1ms + 5% is then applied in 
the same manner as described in the program mode timing 
diagram. The bit is then verified and a program/no program 
decision is made. If the bit is not programmed, another 1ms 
PGM pulse is applied, to a maximum of fifteen times. If the 
bit gets programmed within fifteen efforts, another pulse of 
Ams for each effort is applied and the next address is ap- 
plied. If the bit does not get programmed in fifteen ims ef- 
forts, another PGM pulse of 60ms is applied and the bit veri- 
fied. If the bit is not programmed at this stage, the device 
would be rejected as a program failure. If the bit is pro- 
grammed, the next address is applied until all addresses are 
complete. 

At this stage, Vcc and Vpp pins are lowered to 5V + 5% and 
all bytes are then verified again for programming. This algo- 
rithm is compatible with that of the 1~PD2764. 


Program Verify Mode 

A verify should be performed on the programmed bits to de- 
termine that the data was correctly programmed. The pro- 
gram verify can be performed with CE and OE at low (0) 
levels and PGM at a high (1) level. 


Programming Inhibit Mode 

Programming multiple 4PD27128s in parallel with different 
data is easier with the program inhibit mode. Except for CE 
(or PGI), all like inputs (including OE) of the parallel 
w.PD27128s may be common. Programming is accomplished 
by applying a low (0) TTL-level program pulse to the CE (or 
PG) input with Vpp at +21V. A high (1) level applied to 





uPD27128 


the CE (or PGM) of the other 4PD27128s will inhibit it from 
being programmed. 


Output Disable 

The data outputs of two or more .PD27128s may be wire- 
ORed together to the same data bus. in order to prevent 
bus contention problems between devices, all but the se- 
lected 4PD27128 should be disabled by raising the CE 
input to a TTL high. OE input should be made common to 
all devices and connected to the read line from the system 
control bus. These connections offer the lowest average 
power consumption. 


Erasure Mode 

Erasure of the 4PD27128 programmed data can be at- 
tained when exposed to light with wavelengths shorter than 
approximately 4,000 Angstroms (A). It should be noted that 
constant exposure to direct sunlight or room level fluores- 
cent lighting could erase the 4.PD27128. Consequently, if 
the 4PD27128 is to be exposed to these types of lighting 
conditions for long periods of time, its window should be 
masked to prevent unintentional erasure. Opaque labels are 
supplied with every device. 

The recommended erasure procedure for the 4.PD27128 

is exposure to ultraviolet light with wavelengths of 2,537 
Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be not less than 
15W-sec/cm?. The erasure time is approximately 15 to 20 
minutes using an ultraviolet lamp of 12,000.W/cm? power 
rating. 

During erasure, the 4PD27128 should be placed within 1 
inch of the lamp tubes. If the lamps have filters on the tubes, 
the filters should be removed before erasure. 


Timing Waveforms 


Read Mode 


Notes: © OE may be delayed up to tacc — toe after the falling edge of 
CE for read mode without impact on tacc. 
® tpr is specified from OE or CE, whichever occurs first. 





Program Mode 
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Description 

The »PD27256 is a 262,144-bit electrically programma- 
ble read-only memory utilizing NMOS double-polysilicon 
technology. The device is organized as 32K words by 8 bits 
and operates from a single + 5V + 5% power supply. All in- 
puts and outputs are TTL-compatible. The wPD27256 has 
single location programming, three-state outputs and is 
pin-compatible with the 27C256 EPROM. It is available as.a 
28-pin DIP. 

The »PD27256 is available in a cerdip package with a 
quartz window as an ultraviolet (UV), erasable EPROM. 


Features 

L] 32K by 8 organization 

L] Ultraviolet erasable and electrically programmable 

CL] Access time — 200ns max 

LC) Single location programming 

C] High-speed programming mode 

L] Low power dissipation: 100mA max (active) 
25mA max (standby) 

CL] Input/output TTL-compatible for reading and 

programming 

C] Single +5V +5% power supply 

(J Three-state outputs 

C) Pin-compatible with »PD27C256 EPROM 

LJ] NMOS double-polysilicon technology 

C 28-pin DIP 

C] 3 performance ranges: 





- Power Supply 
D A T 
evice ccess Time Active Standby 
»PD27256 250ns 100mA 25mA 
»PD27256-3 300ns 100mA 25mA 





Block Diagram 


Data Outputs 


o- 7 





Output Enable, 
Chip Enable, and 
Program Logic 


Output Buffers 


Y-Gating 


Ao-Aja 
Address 4 ——> 
Inputs 


262,144-bit 
Cell Matrix 




















Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 


Pin Identification 











Pin 
No. Symbol Description 
1 Vpp Program Voltage 
ree > Ag Ang Address Inputs 

11-13, 
15-19 Oo-07 Data Outputs 

14 GND Ground 

20 CE Chip Enable 

22 OE Output Enable 

28 Veo +5V +5% Power Supply 





Mode Selection 














Pins CE OE Vpp Vec Outputs 
Mode (20) (22) (1) (28) | (11-13, 15-19) 
Read Vir Vie Vec Vee Dour 
Standby Vin x Voc Vee High-Z 
Program Vie Vin Vpp Vec Dw 
Program Verify Vit Vit Vpp Veco Dout 
Program Inhibit Vie x Vpp Vee High-Z 





Note: X can be either V,, or Vi. 
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Absolute Maximum Ratings* 


Operating Temperature, Topr 
Storage Temperature, Tstc 


— 10°C to + 80°C 
— 65°C to +125°C 














Output Voltage, Von —0.6V to Voc +6.5V 
Input Voltage, Vi, —0.6V to Voc + 6.5V 
Supply Voltage, Vcc —0.6V to +7V 





Supply Voltage, Vpp —0.6V to +22V 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Capacitance © 
T, = 25°C; f = 1MHz 








Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input Capacitance Cw 4 8 pF Vin = OV 
Output Capacitance Court 8 14 pF Vout = OV 





Note: © This parameter is sampled periodically. 


DC Characteristics 
Ta= 0°C to + 70°C; Vec = +5V +5%; Vep = Vec 
Read and Standby Modes 





























Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Output High Voltage = Voy 2.4 v lon = —400,A 
Output Low Voltage Vor 045 =V lo. = 2.1MA 
Input High Voltage Vin 2.0 Veot+1 V 
Input Low Voltage Vie -0.1 0.8 Vv 
Output Leakage OE = Vii; 
Current Lo 9 HA Vour = 0 to Veg 
input Leakage 
iran la 10 pA Vy = Ot0 Veg 
CE=V 

| 25 mA iW 
Vec Current oO (standby) 

loce 100 mA CE = V, (active) 
Vpp Current Ipp1 15 mA Vpp = 5.25V 





Ta = 25°C + 5°Cs Vec = GV + 0.25V; Vpp = +21V + 0.5V 
Program, Program Verify, and Program Inhibit Modes 





Limits 




















Parameter Symbol Min Typ Max Unit Test Conditions 
Input High Voltage Vin 2.0 Vect1 V 
Input Low Voltage Vie -0.1 0.8 v 
Input Leakage Current 1,, 10 hA Vin = Vit or Vin 
Output High Voltage Vox 2.4 Vv Von = —400nA 
Output Low Voltage Voi 045 V fo, = 2.1mMA 
Vcc Current loca 100 mA 
Vpp Current ipee 90 mA SEE beg 
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AC Characteristics 
Ta = O°C to + 70°C; Veg = +5V + 5% Vep = Veco 


Read and Standby Modes 
Limits 

27256 27256-3 Test 
Parameter Symbol Min Max Min Max Unit Conditions © 
Address to -dE= 
Output Delay ‘acc 250 300 ns CE=0E=Vy, 
CE to Output 
Delay Ce 250 300 ons CE=Vy, 
Output Enable = 
to Output Delay ‘OE ; 100 120 ons CE=V,, 
Output Enable 
High to Output tor 0 85 105 ns CE=Vy 
Float 
Address to = 
Output Hold ‘oH 9 0 ns CE=Vy, 


Notes: (@ Output load: see Figure 1. 
Input rise and fall times: 20ns. 
Input pulse levets: 0.45V to 2.4V. 
Input and output timing measurement reference levels: 0.8V and 2.0V. 


Ta = 25°C + 5°C3 Voc = +6V + 0.25V; Vpp = 21V + 0.5V 
Program, Program Verify, and Program Inhibit Modes © © 
Limits 






































Parameter Symboi Min Typ Max Unit Test Conditions 
Address Set-up Time tas 2 BS 
Data Set-up Time tos 2 ps 
Data Hold Time ton 2 ys 
Address Hold Time tan 2 BS Input pulse levels 
Chip Enable to t 130 - = 0.45V to 2.4V 
Output Float Delay -_ Input and output 
wee = Senta 8S ; HS levels = O.8V end 
Program Pulse Width = tpw 0.95 1 1.05 ms 2.0V 
CE Set-up Time toes 2 48 Input rise and fall 
OE Set-up Time toes 2 ps __ times = 20ns 
OE Hold Time @ toe 2 ps 
GE Recovery Time @ ton 2 4s 
CE to Output Valid @ toy 1 Bs 





Notes: © V,, (min) and V,, (max) are reference levels for measuring timing of input signals. 
Transition times are measured between V),, and V;,. 
Vcc must be applied simultaneously or before Vpp and removed after Vpp. 
These parameters are sampled periodically. 


Figure 1. Loading Conditions Test Circuit 
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Programming Operation 
High Speed Programming Mode 


Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by program- 
ming a low level (0) TTL signal into the chosen bit 
location. 


Address the first location and apply valid data at the 8 
output pins. Raise Vcc to +6 V +.25 V; then raise Vpp 
to +21 V +.5 V. Apply a1 ms (+5%) program pulse to 
CE as shown in the programming mode timing 
waveform. The bit is verified and the program/no- 
program decision is made. If the bit is not programmed, 
apply another 1 ms pulse to CE up to a maximum of 20 
times. If the bit is programmed within 20 tries, apply an 
additional overprogram pulse of (1 x number of 
tries) ms and input the next address. If the bit is not 
programmed in 20 tries, reject the device as a program 
failure. 


After all bits are programmed, lower both Vcc and Vpp 
to +5 V +5% and verify all data again. 


Programming Inhibit Mode 


Use the programing inhibit mode to program multiple 
UPD27256s connected in parallel. All like inputs (except 
CE, but including OE) may be common. Program 
individual devices by applying alow level (0) TTL pulse 
to the CE input of the uwPD27256 to be programmed. 
Applying a high level (1) to the CE input of the other 
devices prevents them from being programmed. 


Program Verify Mode 


Perform verification on the programmed data to deter- 
mine that the data was correctly programmed. The 
program verification can be performed with the CE and 
OE at low levels (0). 


Erasure 


Erase data on the uwPD27256 by exposing it to light with 
a wavelength shorter than 400 nm. Exposure to direct 
sunlight or fluorescent light could also erase the data. 
Consequently, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. 


Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to 
completely erase written data (ultraviolet ray intensity 
xX exposure time.) 


An ultraviolet lamp rated at 12,000 wW/cm2 takes 
approximately 15 to 20 minutes to complete erasure. 
Place the wPD27256 within 2.5 cm of the lamp tubes. 
Remove any filter on the lamp. 


pPD27256 


Timing Waveforms 


Read Mode 


Ao-Ara Addresses Valid 











agra XXX] vate Outen 5} 


Notes: © OE may be delayed up to tacc—tog after the falling edge of CE for read mode 
without impact on tacc. 
® tor is specitied fromOE or CE, whichever occurs first. 


Program Mode 


Data-out Valid 
Address N 
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Description 


The uPD27C64 is a 65,536-bit (8,192 x 8-bit) electrically 
programmable read-only memory (EPROM). it operates 
from a single +5V power supply making it ideal for 
microprocessor applications. It is fabricated using an 
advanced CMOS process which saves substantial 
power in operating and standby modes. 


A distinctive feature of the uPD27C64 is an output 
enable (OE) separate from the chip enable (CE). The 
OE control eliminates bus contention in multiple-bus 
microprocessor systems. The wPD27C64 features fast, 
simple, one-pulse programming controlled by TTL- 
level signals. A high-speed programming mode is also 
available. 


The »PD27C64 is available in a cerdip package with a 
quartz window as an ultraviolet (UV), erasable EPROM, 
or in a plastic package as a one-time-programmable 
(OTP), non-erasable EPROM. 


Features 


OC) Ultraviolet erasable and electrically programmable 
C) Low supply current: 

— 30 mA (max) active current 

— 100 vA (max) standby current 

High-speed programming mode 

Single location programming 

Programmable with single pulse (total program- 
ming time is 420 sec in standard mode) 
input/output TTL-compatible 

Single +5 V power supply 

Low power dissipation: 

— 33 mW/MHz (max) operating 

— 550 uW (max) standby 

C) wPD2764-compatible 

O 28-pin DIP 


OOO OO 





Performance Ranges 


Access 
Time 
(Max) 


200 ns 
250 ns 
300 ns 


Power Supply (Max) 
Active Standby 
30 mA 100 vA 
30 mA 100 uA 
30 mA 100 pA 


Device 
pPD27C64-20 
pPD27064-25(1) 
pPD27C64-30(1) 


Note: 
(1) Avaliable as either UV or OTR. 





uPD27C64 
8,192 x 8-BIT 
CMOS UV/OTP EPROM 


Revision 1 


Pin Configuration 


83-003078A 


Pin Identification 

No. Symbol Function 
1 Vpp Program voltage 
2-10, 21, Ao-At2 Address inputs 
23-25 

11-13, 15-19  DOp-D07 Data inputs /outputs 
14 GND Ground 

20 CE Chip enable 

22 OE Output enable 

26 NC No connection 

27 PGM Program 

28 Voc +5 V power supply 
Block Diagram 


Data Outputs/inputs 
DOo-D07 
nT, 


Input/Output Butters 


65,536-bit 
Cell Matrix 


Output Enable 
Chip Enable and 
Program Logic 


y- 
Decoder 


xX 
Decoder 
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Absolute Maximum Ratings 
Power supply voltage, Voc 





-0.3V to +7.0V 
-0.3V toVec +0.3V 
-0.3V to Veg +0.3V 


Input voltage, Vin 
Output voltage, Voyr 


Operating temperature, Tope —10°C to +80°C 
Storage temperature, TsTg —65°C to +125°C 
Program voltage, Vpp -0.3V to +22V 


Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


Capacitance 
Ta = 25°C, f= 1MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Cin 6 pF Vin=OV 
capacitance 
Output Cour 12 pF ‘Vout =0V 
capacitance 
DC Characteristics 
Read and Standby Modes 

=0°C to +70°C, Voc = +5V+10%, Vpp=Voc 

Limits Test 
Parameter Symbol Min Typ Max =_- Unit Conditions 
Output voltage, Voy 2.4 Vo loy=—400 pA 
high 
Output voltage, Vo. 0.45 Viop=2.1mA 
low 
Input voltage, = Vyy 2.0 Vec+0.3 V 
high 
Input voltage, = Viz -0.3 0.8 V 
low 
Output leakage 19 10 pA OE=Viy, 
current Vout =0V to Voc 
Input leakage = 10 HA Vin=0V to Voc 
current 
Operating Iocat 10. mA CE=Vj,, 
supply current Vin=Vin 
Operating leca2 30 mA . f=5MHz, 
supply current lout =O mA 
Standby supply Ics} 1 mA CE=Viy 
current 
Standby supply Iccso 1 100 pA CE=Vec, Vin=0V 
current to Voc 
Program voltage pp 1 100 HA Vpp=Vcc +0.6V 
current 
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Standard Programming, Progrem Verify, and Program 


Inhibit Modes 
Ty = 25°C +5°C, Vog = +5V 410%, Vpp= +21V+0.5V 





Limits Test 
Parameter Symbol Min. Typ Max Unit Conditions 
Output voltage, Voy 2.4 V lon =—400 pA 
high 
Output voltage, Vo. 0.45 Vi lop =2.1mA 
low 
Input voltage, Viy —«-2.0 Vec+0.3 V 
high 
Input voltage, = Vi -0.3 0.8 V 
low 
Inputleakage = Ih 10 HA Vin=Vip or Vin 
current 
Operating lece 30 mA 
supply current 
Program voltage pp 30 mA CE=PGM=ViL 
current 
High-Speed Programming Mode 
Ta = 25°C £5°C, Voo = +6V +0.25V, Vpp = +21V+0.5V 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Output voltage, Voy 2.4 Vi lon=—400 pA 
high 
Output voltage, VoL 0.45 Vo Io. =2.1mA 
low 
Input voltage, = Vin 2.0 Vectt: V 
high 
Input voltage, = Vi -0.1 0.8 V 
low 
Inputleakage =| 10 vA Vin=Vic or Vin 
current 
Operating loc2 30 mA 
supply current 
Program voltage Ipp 30 mA CE=PGM=Vj, 
current : 


N. KE Cc uPD27C64 


AC Characteristics 





Read and Standby Modes 
Ty =0°C to +70°C, Vocg = +5V £10%, Vpp=Voc 
Limits 

~|Pp27¢64-20 _,PD27C64-25(1) _,PD27C64-d0(1) a 
Parameter Symbol Min Max Min Max Min Max Unit Conditions(2) 
Address to output delay tacc 200 250 300 ns CE=0E=Vj, 
CE to output delay tor 200 250 300 ns OE=Vy 
OE low to data output delay tog 10 75 10 100 10 120 ns CE=Vy, 
OE high to data output float delay tor 0 60 0 85 0 105 ns CE=Vi 
Address to output hold time tou 0 0 0 ns CE = OF = Vi 





Note: 
(1) Available in either UV or OTP. 


(2) Output load: see Loading Conditions Test Circuit. Input rise and fall times: 20 ns. Input pulse levels: 0.45 V to 2.4 V. Timing measurement reference 
levels: 
Inputs: 0.8 V and 2.0V 
Outputs: 0.8 V and 2.0 V. 


Standard Programming, Program Verify, and Program High-Speed Programming Mode 











Inhibit Modes Ta = 25°C +5°C, Vog = +6V £0.25V, Vpp= +21V +0.5V 
Ta = 25°C °C, Voog= +5V 410%, Vpp= +21V+0.5V Limits sak 

Limits Test Parameter Symbol Min Typ Max Unit Conditions 
Parameter Symbol Min Typ Max Unit Conditions Address setup tas 9 us (Notes 1, 2) 
Address setup tas 2 us _ (Notes 1, 2, 3) time 
time Data setup time tps 2 us (Notes 1, 2) 
Data setup time tps. 2 us (Notes 1, 2, 3) Address hold tay 2 us (Notes 1, 2) 
Address hold — tay 0 us (Notes 1, 2, 3) time 
time Datahold time —tpy 2 US (Notes 1, 2) 
Dataholdtime — tox 2 us __(Notes 1, 2, 3) Chip enable to tpg 0 130 ns (Notes 1, 2) 
Output enable to tpg 0 130 sons (Notes 1, 2, 3) output float 
output float delay 
delay Supply current tycs 2 us (Notes 1, 2) 
Program supply tys 2 us (Notes 1, 2, 3) setup time 
setup time Program setup _typs 2 us (Notes 1, 2) 
Program pulse — tpw 20 50 55 ms (Notes 1, 2, 3) time 
width Initial program tpy 0.95 1 1.05 ms (Notes 1, 2) 
CEsetuptime tees 2 us _ (Notes 1, 2, 3) pulse width 
OE setup time —togs 2 us: (Notes 1, 2, 3) Additional topw 3.8 63 = ms (Notes 1, 2) 
SS SSS SS SSS program pulse 
OE to data toe 150 ns (Notes 1, 2, 3) range 
utilization delay SSeS 
Note: CEsetuptime toes 2 us (Notes 1, 2) 
(1) Input pulse levels: V, = 0.45 V to 2.4 V. OE setup time tog 2 us (Notes 1, 2) 
(2) Input and output timing reference levels = 0.8 V and 2.0V. OE data utiliza- tog 150 ns (Notes 1, 2) 
(3) Input rise and fall times = 20ns. tion delay 

Note: é 


(1) Input pulse levels: V, = 0.45 V to 2.4 V. 
(2) Input and output timing reference levels = 0.8 V and 2.0 V. 
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NEC 





Figure 1. 


Loading Conditions Test Circuit 


Dour 
»PD27C64 


i 


83-003080A, 
Timing Waveforms 


Read Mode 


Ao-Ai2 Addresses Valid 








1. OE may be delayed up to tacc-to¢ after the falling edge of CE tor read mode 
without impact on tacc. 


2. tor is specified from OE or CE, whichever occurs first. 
83-003081A 


Programming Mode 









Program ————>}«—-— en - 


" Address N ? 


Data-in 
Stable Data-out 
Address N Address N 



























83-003082A 
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High-Speed Programming Mode 


Address N 








1. aread is pertormed within the tacc range, the OE input lead time from CE 
fall time is tacc-toe [max]. . 

2. tor represents the time from the rise of OE or CE, whichever rises to Vx first. 

3. Connect Vcc before V,_ and disconnect after Vpp. 





83-003083A 























Truth Table 

Mode CE OE PGM Vpp Voc Outputs 
Read Vi Vit Vin +5¥ +5V Data output 
Standby Vin X X +5V 45V — Highimpedance 
Standard program Vy X Vit Vpp +5V Data input 
Program verify Vir Vir Vin Vpp +5V Data output 
Program inhibit Vin =X X  Vpp +5V_— High impedance 
High-speed Vir XX Vit Vpp +6V Data input 
programming 

Note: 


(1) Xcan be either Vj or Vip. (Vjy = TTL level high input voltage, 
Vi_= TTL level low input voltage) 


Function 


The »PD27C64 uses a single standard +5V power sup- 
ply (uzPD8086, p.PD8085, .PD8088). Furthermore, all the 
input/output terminals are TTL-level so that the total 
system can be simplified. For programming purposes, 
an additional +21V power supply is required. 


The pPD27C64 does not require any complex program- 
ming devices. Programming can be done while chips 
are mounted on asystem board. A single TTL-level pulse 
(pulse duration 50 ms) is used to program any single ad- 
dress. 


The pPD27C64 features a standby mode which reduces 
the power dissipation from the maximum active power 
dissipation of 165 mW to a maximum standby power dis- 
sipation of 550 uW. This results in a power savings of 
over 99% with no increase in access time. 


NEC 


Erasure 


Data written on the .PD27C64 can be erased by light 
with a wavelength shorter than 400 nm. If it is exposed 
to direct sunlight or fluorescent light, programmed data 
may be erased. Therefore, in order to protect the pro- 
grammed data, mask the window to prevent erasing by 
ultraviolet rays. 


Data on the ».PD27C64 is usually erased by 254 nm ultra- 
violet rays. The lighting level required to completely 
erase written data is 15 W-sec/cm2 (min) (ultraviolet ray 
intensity x exposure time). 


An ultraviolet lamp of 12,000 uzW/cm2 will take approxi- 
mately 15 to 20 minutes. The distance between the lamp 
and pPD27C64 should be within 2.5 cm. The filter on the 
ultraviolet lamp should be removed for this operation. 
The program protect seal should also be removed from 
the window of the 1.PD27C64. 


Operation 


The six operation modes of the yPD27C64 are listed in 
the truth table. Voc should be set to +5V for each 
Read, Standby, Standard programming, Program verify, 
or Program inhibit mode. Vcc should be set to +6 V for 
the High-speed Programming mode. Control terminals 
CE, OE, PGM, and Vpp should be set according to the 
data in this table. 


Read Mode 


When CE and OE are at a low (0) level, Read is set and 
data is available at the outputs after tog from the falling 
edge of OE and tacc after setting the address. 


Standby Mode 


The ».PD27C64 is placed in a standby mode with the ap- 
plication of a high (1) level TTL signal to the CE input. In 
this mode the outputs are in a high-impedance state, in- 
dependent of the OE input. The active power dissipation 
is reduced from 165 mW to 550 uW. 


Programming Modes 


The pPD27C64 can be programmed in two ways: (1) 
standard programming mode, and (2) high-speed pro- 
gramming mode. In the standard mode, basically a 
50ms PGM pulse is applied to each bit location. The 
high-speed programming mode is similar to the Intelli- 
gent Programming Algorithm® in which up to fifteen 
1ms PGM pulses are applied to each bit location, fol- 
lowed by an additional PGM pulse, of which the width is 
4ms foreach number of ims pulses applied before. The 
high-speed programming mode reduces the program- 
ming time to typically 60s to 120s. 


uPD27C64 


Standard Programming Mode 


Programming begins by erasing all data and conse- 
quently having all bits in the high (1) level state. Data is 
then entered by programming a low (0) level TTL signal 
into the chosen bit location. 


The »PD27C64 is placed in the programming mode by 
applying a low (0) TTL-level program pulse to the CE and 
PGM inputs with Vpp at +21V. The data to be pro- 
grammed is applied to the output pins in 8-bit parallel 
form at TTL levels. 


Any location can be programmed at any time, either in- 
dividually, sequentially, or at random. 


When multiple .~PD27C64s are connected in parallel ex- 
cept for CE, individual .PD27C64s can be programmed 
by applying a low (0) level TTL pulse to the PGM input of 
the desired u.PD27C64 to be programmed. 


Programming of multiple ».PD27C64s in parallel with the 
same data is easily accomplished. All the like inputs are 
tied together and programmed by applying a low (0) level 
TTL pulse to the PGM inputs. 


High-speed Programming Mode 


In this mode, programming begins by addressing the 
first location, and applying valid data to the eight output 
pins (a low-level TTL signal, 0, into the chosen bit loca- 
tion). 


Voc is then raised to 6 V + 0.25 V followed by Vpp raised 
to 21V +0.5V. A PGM pulse of 1ms +5% is then input in 
the same manner as described in the programming 
mode timing diagram. The bit is then verified and a 
program/no-program decision is made. If the bit is not 
yet programmed, another 1ms PGM pulse is input, to a 
maximum of fifteen times. If the bit is programmed 
within fifteen efforts, another pulse of 4 ms for each ef- 
fort is input and the next address is input. If the bit does 
not program within fifteen 1ms efforts, another PGM 
pulse of 60 ms is input and the bit verified. If the bit is 
not programmed at this stage, the device would be re- 
jected as a program failure. If the bit is programmed, the 
next address is input until all addresses are complete. 


At this stage, Voc and Vpp pins are lowered to5V +5% 
and all bytes are then verified again for programming. 


® Intelligent Programming Algorithm is a registered trademark of intel 
Corporation. 
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Program Inhibit Mode 


Programming multiple .PD27C64s in parallel with dif- 
ferent data is easier with the programming inhibit mode. 
Except for CE (or PGM) all like inputs (including OE) of 
the parallel «PD27C64s may be common. Programming 
is accomplished by applying a low (0) TTL-level program 
pulse to the CE and PGM inputs with Vpp at +21V.A 
high (1) level applied to the CE (or PGM) of the other 
puPD27C64 will inhibit it from being programmed. 


Program Verify Mode 


Averify should be performed on the programmed bits to 
determine that the data was correctly programmed. The 
program verify can be performed with CE and OE at low 
(0) levels and PGM at a high (1) level. 
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Output Disable 


The data outputs of two or more n.PD27C64s may be 
wire-ORed together to the same data bus. In order to 
prevent bus contention problems between devices, all 
but the selected »PD27C64s should be disabled by rais- 
ing the CE input to a TTL high. OE input should be made 
common to all devices and connected to the read line 
from the system control bus. These connections offer 
the lowest average power consumption. 


NEC 


NEC Electronics Inc. 


Description 


The pPD27C256 is a 262,144-bit ultraviolet erasable and 
electrically programmable read-only memory utilizing 
CMOS double-polysilicon technology. The device is or- 
ganized as 32K words by 8 bits and operates from a sin- 
gle +5V power supply. All inputs and outputs are 
TTL-compatible. The «.PD27C256 has single location 
programming, three-state outputs and is pin- 
compatible with the 27256 EPROM. It is available as a 
28-pin DIP. 


The »PD27C256 is available in a cerdip package with a 
quartz window as an ultraviolet (UV) erasable EPROM, 
or in a plastic package as a one-time-programmable 
(OTP), non-erasable EPROM. 


The «PD27C256 has a Vpp of 21V. 


Features 


32K-word by 8-bit organization 
Ultraviolet erasable and electrically programmable 
Single location programming 
High-speed programming mode 
Low power dissipation: 

165 mW (active) 

550 u.W (standby) 
Input/output TTL-compatible for reading and 
programming 
Single +5 V power supply 
JEDEC vendor identification mode 
Three-state outputs 
Pin-compatible with .PD27256 EPROM 
CMOS double-polysilicon technology 
28-pin DIP 


ODOOOO 
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Performance Ranges 


peng Power Supply (Max) 

Device (Max) Active Standby 
pPD270256-15 150ns 30mA 100 pA 
uPD27C256-20[1] 200 ns 30 mA 100 pA 
~ uPD27C256-25[ 1] 250ns 30mA ‘100A 


Note: [1] Available as either UV or OTP. OTP version is preliminary. 


uPD27C256 
32,768 x 8-BIT 
CMOS UV/OTP EPROM 


Revision 1 


Pin Configuration 








uPD27C256 
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Pin Identification 














No. Symbol Function 
1 Vpp Program voltage 
2-10, 21, Ao-A14 Address inputs 
23-27 
11-13, 15-19 09-07 Data outputs 
14 GND Ground 
20 CE Chip enable 
22 OE Output enable 
28 Voc +5 V power supply 
Block Diagram 
— 
Data Outputs 
Oo-07 
vec O—> 
GND O——» |. -___, 
Vpp O——> 
CE ——>] Output Enable, 
=a Chip Enable, _ Output Buffers 
et — >» Program Logic 






Y-Decoder 


Y-Gating 


262,144-bit 
Cell Matrix 


Ao-A14 
Address 
inputs > 





X-Decoder 








83-001731A | 
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Absolute Maximum Ratings 
Power supply voltage, Voc 

Input voltage, Vin[t] 

Output voltage, Voy 


—0.6V to +7.0V 
~0.6V to Voc +0.6V 
—0.6V to Voce +0.6V 


Operating temperature, Topp —10°C to 80°C 
Storage temperature, Tstg — 65°C to 125°C 
Program voltage, Vpp -0.6V to +22V 


ID read voltage on pin 24, Vip -0.6V to +13.5V 


Note: [1] Viq = - 3.0V min for 20ns pulse. 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 25°C, f = 1MHz [Note 1] 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Ciy 6 pF Viy=0V 
Output Court 12 pF Voyur=0V 
capacitance 


Note: [1] This parameter is sampled and not 100% tested. 


current 


NEC 


DC Characteristics 


Note: [1] For uPD27C256-15: Vgg = 5V +5% 


Parameter Symbol 
Output voltage, Von 
high 


Output voltage, Voy 
low 


Input voltage, Vin 
high 


Input voltage, low Vi. 
ID read voltage Vip 


Input leakage In 
current 

Operating supply cc 
current 


Program voltage 
current 


Ipp2 


Limits 

Min Typ Max 
2.4 

0.45 
2.0 Voc +0.3 
-0.3 0.8 
11.5 12.5 

10 

30. 

30 


Unit 
V 


Unit 
V 


V 


V 
V 
yA 


mA 


mA 


Test 
Conditions 


lou = ~ 400 pA 


loL=2.1mA 


OE=Viy, 
Vout =0V to 
Voc 

Vin=0V to Voc 


CE=Vi,, 
Vin =Viq 

5 MHz, 
lout =0mA 
CE=Viy 


E=Voo 


Read and Standby Modes 
Ta =0°C to +70°C, Veg = +5 V +10%(1); Vpp = Voc 
Limits 

Parameter Symbol Min Typ Max 
Output voltage, Voy 2.4 
high 
Output voltage, Vo 0.45 
low 
Input voltage, ViH 2.0 Voc +0.3 
high 
Input voltage, low Vi. -0.3 0.8 
Output leakage = lig 10 
current 
Input leakage IL 10 
current 
Operating supply Iccay 30 
current 
Operating supply locaa 30 
current 
Standby supply — Iggy 1 
current 
Standby supply —Igpe 100 
current 
Program voltage |ppy 100 


Vpp= Voc 


Program, Program Verify, and Program Inhibit Modes 
Ta = 25°C +5°C, Voc = +6 V £0.25 V, Vpp = +21 V £05 V 





Test 
Conditions 


lon = — 400 pA 


loL=2.1mA 


Vin= Vit or Vin 


CE=ViL, 
OE=Viy 


NEC 


AC Characteristics 


Read and Standby Modes 


Ta = 0°C to +70°C, Veo = +5 V £10%(3); Vpp = Voc 


Parameter Symbol 
Address to output delay tacc 
CE to output delay tog 
OE low to data output delay toe 
OE high to data output float delay tor 
Address to output hold time tou 


Notes: [1] Available in either UV or OTP. 
[2] Output load: see figure 1. 
Input rise and fall times: 20 ns. 
Input pulse levels: 0.45 V to 2.4 V. 


Timing measurement reference levels: 


Inputs: 0.8 V and 2.0V 
Outputs: 0.8 V and 2.0 V. 
[3] For «PD27C256-15: Vog = 5V 5% 


Program, Program Verify, and Program Inhibit oe 


yPD270256-15 
Min Max 


150 
150 
15 
60 


Tp = 25°C £5°C, Vag = +6 V £0.25 V, Vpp = +21 V 40.5 





Limits 
Parameter Symbol Min Typ Max 
Address setup _tas 2 
time 


Data setup time tpg 
Address hold time tay 
Dataholdtime = tpy 


Chipenableto — tor 130 
output float delay 

Supply current —tys 2 

setup time 


Program pulse — tpw 0.95 1 1.05 
width 


CE setup time toes 2 

OEsetuptime — togs 2 

OE hold time[1] — togy 2 

OE recovery tor 2 

time[1} 

CE to output —tpy 1 
valid 





Notes: [1] toeH t ton = 50 us. 
[2] Input pulse levels = 0.45 V to 2.4 V. 


ys 


Test 
Conditions 


[Notes 2, 3, 4] 


[Notes 2, 3, 4] 
[Notes 2, 3, 4] 
[Notes 2, 3, 4] 
[Notes 2, 3, 4} 


[Notes 2, 3, 4] 
[Notes 2, 3, 4] 


[Notes 2, 3, 4] 
[Notes 2, 3, 4] 
[Notes 2, 3, 4] 
[Notes 2, 3, 4] 


[Notes 2, 3, 4] 


[3] Input and output timing reference levels = 0.8 V and 2.0V. 


[4] Input rise and fall times = 20 ns. 


yuPD27C256 
Limits 
uPD27C256-20[1] ,PD27C256-25(1] Test 
Min Max Min Max Unit Conditions[{2] 
200 250 ns CE=0E=Vi, 
200 250 ns CE=ViL 
75 100 ns CE=Vii 
60 85 ns CE=Vi, 
0 0 ns CE = OE = Vi 


Figure 1. Loading Conditions Test Circuit 


uPD27C256 © Out 


J CL = 100 pF 
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Truth Table 
CE OE Ag pp Voc Outputs 

Mode (20) (22) (24) (1) (28) (11-13, 15-19) 
Read Vii Vit X Veo Voc Dout 
Standby Vin =X X Veco Vec Hi-Z 
Program Vii Vin X  Vpp Voc Din 
Program verify Vii Vit XX  Vpp Voc Dout 
Program inhibit  Viy XX  Vpp Voc Hi-Z 

ID read Vi Vit Vin Veco Vee Dout 


Note: [1] Xcan be either Vj, or Vip. 
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Programming Operation 
High Speed Programming Mode 


Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by programming 
a low level (0) TTL signal into the chosen bit location. 


Address the first location and apply valid data at the 
8 output pins. Raise Vcc to +6V+0.25V; then raise 
Vpp to +21V +0.5V. Apply a1ms(+5%) program pulse 
to CE as shown in the programming mode timing 
waveform. The bit is verified and the program/ 
no-program decision is made. If the bit_is not pro- 
grammed, apply another 1ms pulse to CE up to a 
maximum of 20 times. If the bit is programmed within 
20 tries, apply an additional overprogram pulse of 
(1 x number of tries) ms and input the next address. If 
the bit is not programmed in 20 tries, reject the device as 
a program failure. 


After all bits are programmed, lower both Vcc and Vpp 
to +5V+5% and verify all data again. 


Programming Inhibit Mode 


Use the programming inhibit mode to program multiple 
p»PD27C256s connected in parallel. All like inputs (ex- 
cept CE, but including OE) may be common. Program in- 
dividual devices by applying a low level (0) TTL pulse to 
the CE input of the 1.PD27C256 to be programmed. Ap- 
plying a high level (1) to the CE input of the other devices 
prevents them from being programmed. 


Program Verify Mode 


Perform verification on the programmed data to deter- 
mine that the data was correctly programmed. The pro- 
gram verification can be performed with the CE and OE 
at low levels (0). 


Erasure 


Erase data on the .PD27C256 by exposing it to light with 
a wavelength shorter than 400 nm. Exposure to direct 
sunlight or fluorescent light could also erase the data. 
Consequently, mask the window to prevent uninten- 
tional erasure by ultraviolet rays. 


Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to com- 
pletely erase written data (ultraviolet ray intensity x ex- 
posure time). 


An ultraviolet lamp rated at 12,000 u.W/cm2 takes ap- 
proximately 15 to 20 minutes to complete erasure. Place 
the »PD27C256 within 2.5 cm of the lamp tubes. Remove 
any filter on the lamp. 
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Timing Waveforms 


Read Mode 


: VV 
oo Le SS 


Note: : 

[1] OE may be delayed up to tacc-toe after the falling edge of CE tor read 
mode without impact on tacc. 

(2) tog is specified trom OE or CE whichever occurs first. 
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Program Mode 


Program 


<«—— Program —>| Verity 


Vin 
Addresses 


Data-out Valid 
Address N 


Data-in Stable 
Address N 


Vin 
Data 


ViL 
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NEC 32,768 x 8-BIT 


NEC Electronics Inc. CMOS UV/OTP EPROM 


Description Pin Configuration 


The »PD27C256A is a 262,144-bit ultraviolet erasable 
and electrically programmable read-only memory utiliz- 
ing CMOS double-polysilicon technology. The device 
is organized as 32K words by 8 bits and operates from 
a single +5V power supply. All inputs and outputs are 
TTL-compatible. The »PD27C256A has single loca- 
tion programming, three-state outputs and is pin- 
compatible with the 27256 EPROM. It is available as a 
28-pin DIP. 


The uPD27C256A is available in a cerdip package with 
a quartz window as an ultraviolet (UV) erasable EPROM, 
or in a plastic package as a one-time-programmable 
(OTP) non-erasable EPROM. High density surface 
mount packages are available for both UV and OTP 
versions. 83-001735A 


The u.PD27C256A has a program voltage (Vpp) of 12.5 V. 


28-Pin DIP, Plastic Miniflat 


< 
8 
N 
a) 
id 
N 
a 
a 

2 





32-Pin Ceramic Leadiess Chip Carrier (LCC) 


Features 

Ay Vep Vcc A13 
C1 32K-word by 8-bit organization _ Ari ss > 
1 Ultraviolet erasable and electrically programmable na ees 
C1 Single location programming 
C) High-speed programming mode 
1 Low power dissipation, 


—Active: 165 mW 

—Standby: 550 u«W 

Input/output TTL-compatible for reading and 

programming 

Single +5V+10% power supply wPD27C256AK 

JEDEC vendor identification mode Fya%15!16'17"18'19'20! 

Three-state outputs 

Pin-compatible with »PD27256 EPROM 

CMOS double-polysilicon technology 

OC 28-pin DIP, plastic miniflat, or 32-pin ceramic 
LCC packages 


LELM EAL PLO pp ry 


= 
29 
F 
27 
26 
las 
E 
\24 
\23 
\22 
21 
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Performance Ranges 

a Power Supply (Max) 
Device (Max) Active Standby 
pPD27C256A-12 120 ns 30 mA 100 pA 
yPD270256A-15(1) 150 ns 30 mA 100 pA 
uPD27C256A-20(1) 200 ns 30 mA 100 pA 
Note: 


(1) Available as either UV or OTP OTP version is pretiminary. 


9-23 


HPD2TC2E6A NEC 








Pin Identification Absolute Maximum Ratings 

Power supply voltage, Veg. =ssts*t=<“‘é‘é*~*~*‘«~ OOO Y.OVV 
DIP and Plastic Minifiat | input voltage, Viy(1) —0.6V to Veg +.0.6V 
i = a Output voltage, Vout —0.6V to Vog +0.6V 
ue ee _ Operating temperature, Topp - 10°C to 80°C 
aa ares Cerone Storage temperature, Tstg — 65°C to 125°C 
11-13, 15-19 Oo-07 . ~+~<Dataoutputs tti(‘;~S Program voltage, Vpp -0.6V to +13.0V 
4. GND Ground JDreadvoltage on pin 24, Vip -0.6V to +13.5V 
Se ze aioe ae = -3.0V min for 20ns pulse. 
22 OE Output enable 


—_— Comment: Exposing the device to stresses above those listed in Abso- 
28 Voc +5 V + 10% power supply lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 


Ceramic LCC absolute maximum rating conditions for extended periods may affect 
No. Symbol Function device reliability. 

1, 12, 17, 26 NC No connection Capacitance 

2 Vpp Program voltage Ty = 25°C, f = 1MHz (Note 1) 

3-11, 24, 27-31 Ag-A14 Address inputs Limits Test 

13-15, 18-22 0-07 Data outputs Parameter Symbol Min Typ Max Unit Conditions 

16 GND Ground Input Cin 6 pF Vin= OV 

a OE Ons Chipenebes capacitance 

25 OE Output enable aah Cour , " pF Your=0V 


32 Voc +5 V +10% power supply Note: 
; (1) This parameter is sampled and not 100% tested. 


Data Outputs 
Oo0-07 


Output Enable, 
Chip Enable, and Output Buffers 
Program Logic 


— 
Ao-A14 
Address 
Inputs 
X-Decoder 262,144-bit 
Cell Matrix 
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DC Characteristics 


Read and Standby Modes 

Ta =0 to +70°C, Voc = +5 V £10%, Vpp = Voc 
Limits 

Parameter Symbol Min Typ Max 

Output voltage, Voy 2.4 

high 

Output voltage, Vo, 0.45 

low 

Input voltage, = Viy 2.0 Veco +0.3 

high 

Input voltage, = Vi -0.3 0.8 

low 

Output leakage —Ii9 10 

current 

Input leakage =I 10 

current 

Operating Iccat 30 

supply current 

Operating leca2 30 

supply current 

Standby supply Ispy 1 

current 

Standby supply Isp 100 

current 

Program voltage pp; 100 

current 


uPD27C256A 


Program, Program Verify, and Program Inhibit Modes 
Ta = 25°C + 5°C, Voc = +6 V £0.25 V, Vpp = $12.5 V 40.3 V 


Limits 








AC Characteristics 


Read and Standby Modes 


Ta = 0 to +70°C, Vog = +5 V 10%, Vpp = Voc 


Parameter Symbol 
Address to output delay tacc 
CE to output delay tog 
OE low to data output delay toe 
OE high to data output float delay tor 
Address to output hold time tou 
Notes: 


(1) Available in either UV or OTR 


(2) Output load: see figure 1. 
Input rise and fall times: 20 ns. 
Input pulse levels: 0.45 V to 2.4 V. 
Timing measurement reference levels: 
Inputs: 0.8 V and 2.0V 
Outputs: 0.8 V and 2.0 V. 





Test Test 
Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 
Vlog = —400pA Output voltage, Voy 2.4 Vv Ion= —400 uA 
high 
Vs lo, =2.1mA Output voltage, VoL 0.45 V slop =2.1mA 
low 
V Input voltage, = Viy 2.0 Voc +0.3 V 
high 
V Input voltage, Vi. ~0.3 0.8 V 
low 
uA OE=Vin, ID read voltage Vip 11.5 25 V 
Vour=OVtoVcc = input leakage I 10. pA Vin=VyorViy 
HA Vin=0V to Voc current 
—_ Operating loc 30 mA 
mA CE=Vi,, supply current 
Vin=ViH Program voltage Ippo 30 mA CE=Vj;, 
mA 5MHz, current OE=Vin 
loyt=OmA 
mA CE=Viy 
vA CE=Voc 
HA Vpp=Voc 
Limits 
uPD27C256A-12 ,PD27C256A-15(1) ,.PD27C256A-20(1) Test 
Min Max Min Max Min Max Unit Conditions(2} 
120 150 200 ns CE=0E=V\. 
120 150 200 ns CE=Vy, 
60 75 75 ns CE= Vit 
50 60 60 ns CE=Vi 
0 0 0 ns CE = OF = Vy. 
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uPD27C256A 


AC Characteristics (cont) 


Program, Program Verify, and Program Inhibit Modes 
Ta = 25°C 58°C, Voc = +6 V £0.25 V, Vpp = +12.5 V 40.3 V 


Limits 





pe Sera i i Test 
Parameter Symbol: Min Typ. Max Unit Conditions 
Address setup tas 2 us (Notes 1, 2, 3) 
time 
Data setup time tps 2 us (Notes 1, 2, 3) 
Address hold — tay 0 us (Notes 1, 2, 3) 
time 
Dataholdtime — toy 2 ys (Notes 1, 2, 3) 
Output enable to tor 130 ns (Notes 1, 2, 3) 
output float 
delay 
Vpp setup time typs 2 us (Notes 1, 2, 3) 
Program pulse — tpw 0.95 1 1.05 ms _ (Notes 1, 2, 3) 
width 
Vcc setup time tycs 2 ps 
OE setuptime —togs 2 us (Notes 1, 2, 3) 
Overprogram  topyw 0.95 21 ms 
pulse width 
Data valid from — tog 150 =o ns 
Notes: 


(1) Input pulse levels = 0.45 V to 2.4 V. 
(2) Input and output timing reference levels = 0.8 V and 2.0V. 
(3) Input rise and fall times = 20 ns. 


Figure 1. Loading Conditions Test Circuit 


Dout 
uPD27C256A Out 


i CL = 100 pF 
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NEC 


Truth Table 

CE OE Ag Ypp Voc Outputs 
Mode (20) (22) (24) °(1) (28) (11-13, 15-19) 
Read Vi Yi X Veco Veo Dour 
Standby Vin X X Veco Vec Hi-Z 
Program . Vi Vin X =. Vpp Veo Din 
Program verify Vin Vii X ~ Vpp. Voc Dout 
Program inhibit Vin Vin X~ Vpp Veo Hi-Z 
1D read Vi Vi Vin Voc Vee Dout 
Note: 


(1) Xcan be either Vj, or Viq. 


Programming Operation 
High Speed Programming Mode 


Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by programming 
a low level (0) TTL signal into the chosen bit location. 


Address the first location and apply valid data at the 
8 output pins. Raise Vcc to +6V+0.25V; then raise 
Vpp to +12.5V+0.3V. Apply a 1ms (+5%) program 
pulse to CE as shown in the programming mode timing 
waveform. The bit is verified and the program/ 
no-program decision is made. If the bit_is not pro- 
grammed, apply another 1ms pulse to CE up to a 
maximum of 25 times. If the bit is programmed within 
25 tries, apply an additional overprogram pulse of 
(3 x number of tries) ms and input the next address. If 
the bit is not programmed in 25 tries, reject the device as 
a program failure. 


After all bits are programmed, lower both Voc and Vpp 
to +5V+10% and verify all data again. 


Programming Inhibit Mode 


Use the programming inhibit mode to program multiple 
uPD27C256As connected in parallel. All like inputs (ex- 
cept CE, but including OE) may be common. Program in- 
dividual devices by applying a low level (0) TTL pulse to 
the CE input of the puPD27C256A to be programmed. Ap- 
plying a high level (1) to the CE input of the other devices 
prevents them from being programmed. 


Program Verify Mode 


Perform verification on the programmed data to de- 
termine that the data was correctly programmed. The 
program verification can be performed. with OE at a 
low level (0). To perform verification on multiple 
pPD27C256As connected in parallel, with a common 
OE input applied to all devices, first reduce Vpp to 
Vcc. Then the normal read mode can be used with a low 
level (0) applied to the CE input of the device to be veri- 
fied. A high level (1) is applied to the CE input of all other 
devices. 


NEC 


Erasure 


Erase data on the u.PD27C256A by exposing it to light 
with a wavelength shorter than 400 nm. Exposure to di- 
rect sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. 


Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to com- 
pletely erase written data (ultraviolet ray intensity x ex- 
posure time). 


An ultraviolet lamp rated at 12,000 u.W/cm2 takes ap- 
proximately 15 to 20 minutes to complete erasure. Place 
the n.PD27C256A within 2.5cm of the lamp tubes. Re- 
move any filter on the lamp. 





yuPD27C256A 


Timing Waveforms 


Read Mode 


LLL Le ut SOY 
Sad CELE vais ourut PY High-Z 


Note: 

[1] O€ may be delayed up to tacc-toe after the falling edge of CE for read 
mode without impact on tacc. 

[2] tpF is specified from OE or CE whichever occurs first. 


83-001733A 


Program Mode 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


yPD27C512 
65,536 x 8-BIT 
CMOS UV EPROM 





Description 


The wPD27C512 is a 524,288-bit ultraviolet erasable 
and electrically programmable ROM using an advanced 
CMOS process that produces a substantial power 
saving. The device is organized as 64K words by 8 bits 
and operates from a single +5 V power supply. All 
inputs and outputs are TTL-compatible. The device is 
available in a 28-pin cerdip package with a quartz 
window. 


Features 


O 64K x 8-bit organization 
C] Ultraviolet erasable and electrically programmable 
OC High speed programming mode 
O Low power dissipation: 
— 30 mA max (active) 
— 100 vA max (standby) 
O TTL-compatible inputs and outputs 
OC Single +5 V power supply 
O Three-state outputs 
O Advanced CMOS technology 





O 28-pin DIP 
Performance Ranges 

Power Supply 
Device Access Time Active Standby 
uPD270512D-15 150 ns 30 mA 100 vA 
uPD270512D-20 200 ns 30 mA 100 vA 
uPD270512D-25 250 ns 30 mA 100 uA 


Absolute Maximum Ratings 





Pin Configuration 


22 [1 OE/Vpp 


8 


49-001321A 


Pin Identification 

No. Symbol Function 

1-10, 21, 23-27 Ao-A15 Address inputs 

11-13, 15-19 0p-07 Data outputs 

14 GND Ground 

20 CE Chip enable 

22 OE/Vpp Output enable/program voltage 
28 Vec Power supply 


Block Diagram 


Data Outputs 
Oo~-07 


Output Enabie/Vpp ed 
Chip Enable 


Output Buffers 


Operating temperature, Toppy —10 to +80°C 
Storage temperature, TsT¢ —65 to +125 C 
Output voltage, Vo —0.6 to+7V 
Input voltage, V; —0.6 to+7V 
Input voltage, Ag —0.6 to +13.5 V 
Supply voltage, Vcc —0.6 to+7V 
Supply voltage, Vpp —0.6 to +13.5 V 


Comment: Exposing the device to stresses above those listed in 


Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


me [FY So 


| 
al 


524,288-bit 
(1,024 x 512) 
Memory Array 
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Standby 


Program verify 


uPD27C512 
Mode Selection 
Mode CE 
Read Vit 
Output disable Vit 
Vin 
Program ViL 
Vit 
Program inhibit Vin 
Note: 
X can be Vi, or Viz. 
DC Characteristics 
Read and Standby Modes 


OE/Vpp 
Vit 
Vin 


Vpp 
ViL 


Ta = 0 to +70°C, Vog =5 V + 10% 


Parameter 

Input high voltage 
Input low voltage 
Output high voltage 


Output low voltage 
Output leakage current 
Input leakage current 
Voc current 

(active) 

Vcc current 

(standby) 


Programming Modes 
Ta = 25 +5°C, Voc = 6.0V + .25 V, Vpp = 12.5 V 40.3 V 


Parameter 

Input high voltage 
Input low voltage 
Input leakage current 
Output high voltage 
Output low voltage 
Vpp current 

Voc current 
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Vin 
Vit 
VoH1 
Vou2 
VoL 
ILo 
Iu 
Iccat 
Icca2 
Iccs1 
Iccs2 


Symbol 
Vin 
ViL 


lu 


Vou 
VoL 
Ipp 
Ioc 


Voc 
+5V 
+5V 
+5V 
+6V 
+6V 
+6V 


Outputs 
Dout 
High-Z 
High-Z 
Din 
Dour 
High-Z 


Min 
2.0 


2.4 
Voc — 0.7 


Min 
2.0 
—0.3 


2.4 


Capacitance | 
Ta = 25°C, f= 1 MHz 


Parameter 


Input 
capacitance 


Symbol Min 


Cint 
Cino 


Output CouT 


capacitance 


Limits 
Typ 


Max 
Vcc + 0.3 
0.8 


0.45 
10 
10 
30 
30 


100 


Limits 
Typ 


Max 
Voc + 0.3 
0.8 
10 


0.45 
30 
30 


Limits 


NEC 


Test 
Typ Max Unit Conditions 
4 6 pF V,=0V 
12 20 ~~ pF OE/Vpp, Vj = 0V 
8 12 pF Vo=0V 
Test 

Unit Conditions 

V 

V 

V lon = —400 wA 

V lon = —100 vA 

V lo. = 2.1 mA 

pA Vo = 0 to Voc, OE = Vin 
uA V, = 0 to Voc 
mA CE=Vi. Vi) =Vin 
mA f = 5 MHz, loyr =0 mA 
mA CE=Viy 
uA CE = Vcc, Vy = 0 to Voc 

Test 

Unit Conditions 

V 

V 
HA Vi = Vit or Vin 

V lou = —400 wA 

V lol =2.1MA 
mA CE = Vj, OE/Vpp = Viy 
mA 


NEC 





uPD27C512 
AC Characteristics 
Read and Standby Modes 
Ta = 0 to +70°C, Vog =5 Vt 10% 
Limits 
vP0270512-15 = PD270512-20 = ,PD270512-25 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Address to output delay tacc 150 200 250 ns CE = OE/Vpp = Vit 
CE to output delay tcE 150 200 250 ns OE/Vpp = Vi. 
OE/Vpp to output delay tog 75 75 100 ns CE= Vi. 
OE/Vpp high to output float tor 0 60 0 60 0 85 ns CE = Vit 
Output hold from address, CE, tou 0 0 0 ns CE = OE/Vpp = Vi 


or OE, whichever transition 
occurs first 


Note: 


(1) Output load: see figure 1. Input rise and fall times < 20 ns. Input pulse levels: 0.45 V and 2.4 V. Timing measurement reference levels: 


Inputs = 0.8 V and 2.0 V 
Outputs = 0.8 V and 2.0 V 


Programming Modes 


Ta = 25+ 5°C, Vog = 6.0 V + .25 V, Vpp = 12.5 V 40.3 V 


Parameter 

Address setup time 
OE setup time 

Data setup time 
Address hold time 
Data hold time 

CE to output float time 
Vcc setup time 


Initial program 
pulse width 


Overprogram pulse width 
CE to output delay 
OE/Vpp hold time 


Limits 
Typ 


Symbol 
tas 
toes 
tos 
taH 
tbH 
tor 
tvcs 
tpw 


wt] MO} Ol] Me] mw] re] wm] wm 


Oo 
a 
_ 
Oo 


Le) 
oo 
an 


topw 
tov 
toEH 2 





OE/Vpp recovery time 
OE/Vpp rise time 

Note: 

(1) toeH + tya = 50 us 


Figure 1. 


uPD27C512 


typ 2 
tpRT 90 


Loading Conditions Test Circuit 





Max 


130 


1.05 


78.75 


Unit 
us 
us 
us 
US 
uS 
ns 
US 
ms 


ms 
uS 
uS 
ys 
ns 


Test 
Conditions 


OE/Vpp = Vit 
(Note 1) 
(Note 1) 
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pPD27C512 





Timing Waveforms 
Read Mode 


Note: 


[1] OE/Vpp may be delayed up to tacc-toe after the falling edge of CE for read cycles without 
affecting tacc. 
[2] tor is specified from OE/Vpp or CE, whichever occurs first. 
49-001324B 





Programming Mode 


cE 


Note: 


[1} Voc must be applied before or simultaneously with OE/Vpp and removed after or 
simultaneously with OE/Vpp. 


[2} Vpp must not be greater than +13 V, including overshoot. 
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Programming Operation 
High-speed Programming Mode 


Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by pro- 
gramming a low level (0) TTL signal into the chosen bit 
location. 


Address the first location and apply valid data at the 8 
output pins. Raise Vcc to +6 V + .25 V; then raise 
OE/Vpp to +12.5 V + 0.3 V. Apply a 1 ms (+ 5%) 
program pulse to CE as shown in the programming 
mode timing waveform. The bit is verified and the 
program/no-program decision is made. If the bit is not 
programmed, apply another 1 ms pulse to CE up to a 
maximum of 25 times. !f the bit is programmed within 25 
tries, apply an additional overprogram pulse of (3 x 
number of tries) ms and input the next address. If the 
bit is not programmed in 25 tries, reject the device as a 
program failure. 


Programming Inhibit Mode 


Use the programming inhibit mode to program multiple 
uPD27C512s connected in parallel. All like inputs 
(except CE, but including OE/Vpp) may be common. 
Program individual devices by applying a low level (0) 
TTL pulse to the CE input of the uPD27C512 to be 
programmed. Applying a high level (1) to the CE input 
of the other devices prevents them from being 
programmed. 


pPD27C512 


Program Verify Mode 


Perform verification on the programmed bits to 
determine that the data was correctly programmed. 
The program verification can be performed with CE 
and OE/Vpp at low levels (0). 


Erasure 


Erase data on the wPD27C512 by exposing it to light 
with a wavelength shorter than 400 nm. Exposure to 
direct sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent 
unintentional erasure by ultraviolet rays. 


Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to 
completely erase written data (ultraviolet ray intensity 
Xx exposure time). 


An ultraviolet lamp rated at 12,000 uW/cm?2 takes 
approximately 15 to 20 minutes to complete erasure. 
Place the wPD27C512 within 2.5 cm of the lamp tubes. 
Remove any filter on the lamp. 


9-33 





uPD27C512 NE Cc 


NV. EC s- wPD2701024 

| 65,536 x 16-BIT 
NEC Electronics Inc. CMOS UV EPROM 
PRELIMINARY INFORMATION 


Description Pin Configuration 


The uPD27C1024 is a 1,048,576-bit ultraviolet erasable 
and electrically programmable ROM using an advanced 
CMOS process that produces a substantial power 
saving. The device is organized as 64K words by 16 bits 
and operates from a single +5 V + 10% power supply. 
Allinputs and outputs are TTL-compatible. The device 
is available in a 40-pin cerdip package with a quartz 
window. 





Features 


O 64K x 16-bit organization 
0 Ultraviolet erasable and electrically programmable 
OO Very high speed programming mode 
C}] Low power dissipation: 
— 50 mA max (active) 
— 100 vA max (standby) 
O TTL-compatible inputs and outputs 
0 Single +5 V + 10% power supply iRise 
O Three-state outputs 
O Advanced CMOS technology 


uPD27C1024 


Pin Identification 


0) 40-pin DIP 

No. Symbol Function 
Performance Ranges 1 Vpp Program voltage 

Power Supply (max) 2 CE Chip enable 

Device AccessTime —S« Active ~=— Standby = 3-10, 12-19 09-045 Data outputs 
uPD27C1024D-15 150 ns 50 mA 100 uA 11, 30 GND Ground 
uPD27C1024D-20 200 ns 50 mA 100 vA 20 0E Output enable 
uPD2701024D-25 250 ns 50 mA 100 vA 21-29, 31-37 Ag-A45 Address inputs 

38 NC No connection 

39 PGM Program 

40 Voc Power supply 
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yuPD27C1024 


Block Diagram 


Data Outputs 
Q9-045 


Output Enable 
Chip Enable 
Program Logic 


Y_ 
T | Output Buffers 


Y-Gating 


Y-Decoder EI 


1,048,576-bit 
(1024 x 1024) 
Memory Array 


X-Decoder 





49-001336A 


Mode Selection 








Mode CE OF PGM pp Voc _—Outputs 
Read Vic Vic Vin +5V +5V Dour 
Output disable Vii Vin =X +5V +5V — High-Z 
Standby Vin X X +5V +5V — High-Z 
Program Vic Vn Vit +125V = +6V0 OD 
Program verify Vic Viv Vin’ +12.5V = +6V 2 Dout 
Programinhibit Vy xX X +12.5V +6V — High-Z 
Note: 
X can be Vi, Or Vip. 
DC Characteristics 
Read and Standby Modes 
Ta = 0 to +70°C, Vog = 5 V t 10%, Vpp = Voc 
Parameter Symbol Min 
Input high voltage Vin 2.0 
Input low voltage ViL —0.3 
Output high voltage Vout 2.4 

Vou2 Voc — 0.7 
Output low voltage Vo 
Output leakage current lLo 
Input leakage current Iu 
Vpp current Ipp 
Voc current Iocat 
(active) Iocae 
Veo current locst 
(standby) locse 
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Absolute Maximum Ratings 


Operating temperature, Topp ~10 to +80°C 
Storage temperature, Tstg —65 to +125°C 
Output voltage, Vo —0.6 to +7 V 
Input voltage, V, —0.6 to +7 V 
Input voltage, Ag —0.6 to +13.5V 
Supply voltage, Voc —0.6 to+7V 
Supply voltage, Vpp —0.6 to +13.5V 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 





Capacitance 
Ta = 25°C, f = 1 MHz 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Cin 4 6 pF Vj =0V 
capacitance 
Output Court 8 12 pF Vo9=0V 
capacitance 
Limits Test 
Typ Max Unit Conditions 
Voc + 0.3 V 
0.8 
V low = —400 vA 
V loy = —100 wA 
0.45 V lo, = 2.1 mA 
10 pA Vo = 0 to Voc, OE = Viy 
10 HA V; =0 to Voc 
1 100 BA Vpp = Voc 
30 mA CE=Vi, Vi = Vin 
50 mA f = 5 MHz, lgyy = 0 mA 
1 mA CE = Vin 
1 100 uA CE = Vo, Vj =0 to Voc 


NEC uPD27C1024 


DC Characteristics (cont) 


Programming Modes 
Ta = 25°C + 85°C, Vog = 6.0 V + .25 V, Vpp = 12.5V+0.3V 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input high voltage Vin 2.0 Vec + 0.3 V 
Input low voltage ViL —0.3 0.8 V 
Input leakage current lt 10 BA Vy = Viz or Viy 
Output high voltage Vou 2.4 V lon = —400 wA 
Output low voltage VoL 0.45 V lop =2.1mA 
Vpp current Ipp 100 HA CE = PGM = Vi 
Veco current lec 30 mA 
AC Characteristics 
Read and Standby Modes 
Ta = 0 to +70°C, Vog = 5 V + 10%, Vepp = Voc 
Limits 
uPD2701024-15 uPD2761024-20 uPD2701024-25 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Address to output delay tacc 150 200 250 ns CE = 0E = Vi 
CE to output delay tce 150 200 250 ns OF = Vi 
OE to output delay toe 75 75 100 ns CE=Vi 
CE high to output float tor 0 60 0 60 0 85 ns CE=Vi, 
Output hold from address, CE, — tox 0 0 0 ns CE=0E=Vi 
or OE, whichever transition 


occurs first 





Note: 


(1) Output load: see figure 1. Input rise and fall times <= 20 ns. Input pulse levels: 0.45 V and 2.4 V. Timing measurement reference levels: 
Inputs = 0.8 V and 2.0 V 
Outputs = 0.8 V and 2.0 V 


Programming Modes 
Ta = 25°C + 8°C, Voc = 6.0 V + .25 V, Vpp = 12.5 VV 0.3 V 





Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Address setup time tas 2 us 

OE setup time toes 2 US 

Data setup time tos 2 us 

Address hold time taH 2 us 

Data hold time toH 2 US 

OE to output float time tor 0 130 ns 

Vpp setup time typs 2 BS 

Vog setup time tvcs 2 us 

Initial program tpw 095 0.1 0.105 ms 

pulse width 

Overprogram pulse width topw 0.38 0.42 ms 

CE setup time toes 2 US 

OE to output delay toe 150 ns 


yPD27C1024 NEC 


Figure 1. Loading Conditions Test Circult 


uPD27C1024 


Timing Waveforms 
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Read Mode 


Oo-%5 


Note: 


{1} OE may be delayed up to tacc-toe after the falling edge of CE for read cycles without 
aftecting tacc. 


[2] tor is specified trom OE or CE, whichever occurs first. 
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Timing Waveforms (cont) 


Programming Mode 


Note: 


#uPD27C1024 


{1) Voc must be applied before or simultaneously with Vpp and removed after or 


simultaneously with Vpp. 


[2] Vpp must not be greater than +13 V, including overshoot. 


Programming Operation 
Very High-speed Programming Mode 


Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by pro- 
gramming a low level (0) TTL signal into the chosen bit 
location. 


Address the first location and apply valid data at the 16 
output pins. Raise Voc to +6 V + .25 V; then raise Vpp to 
+12.5V+0.3V. Apply a0.1 ms (+ 5%) program pulse to 
PGM as shown in the programming mode timing 
waveform. The bit is verified and the program/no- 
program decision is made. If the bit is not programmed, 
apply another 0.1 ms pulse to PGM up to a maximum of 
10 times. If the bit is programmed within 10 tries, apply 
an additional overprogram pulse of (0.4 x number of 
tries) ms. If the bit is not programmed in 10 tries, apply 
another pulse of 4 ms. If the bit is not programmed at 
this stage, reject the device as a program failure. If the 
bit is programmed, input the next address and repeat 
the programming procedure until all addresses are 
programmed. 








Programming Inhibit Mode 


Use the programming inhibit mode to program multiple 
uHPD27C1024s connected in parallel. All like inputs 
(except CE or PGM, but including OE) may be common. 
Program individual devices by applying a low level (0) 
TTL pulse to the CE input of the uPD27C1024 to be 
programmed. Applying a high level (1) to the CE or 
PGM input of the other devices prevents them from 
being programmed. 


Program Verify Mode 


Perform verification on the programmed bits to deter- 
mine that the data was correctly programmed. The 
program verification can be performed with CE and OE 
at low levels (0) and PGM at a high level (1). 
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uPD27C1024 


Erasure 


Erase data on the uPD27C1024 by exposing it to light 
with a wavelength shorter than 400 nm. Exposure to 
direct sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent 
unintentional erasure by ultraviolet rays. 


Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to 
completely erase written data (ultraviolet ray intensity 
x exposure time). 


An ultraviolet lamp rated at 12,000 uW/cm? takes 
approximately 15 to 20 minutes to complete erasure. 
Place the vPD27C1024 within 2.5 cm of the lamp tubes. 
Remove any filter on the lamp. 
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NEC 


MASK-PROGRAMMABLE ROMs 10 | 


MASK-PROGRAMMABLE ROMs 


Section 10 — Mask-Programmable ROMs 


uPD2364A 8,192 x 8-Bit Mask-Programmable NMOS ROM .......... 
uPD2364E 8,192 x 8-Bit Mask-Programmable NMOS ROM .......... 
uPD23128E 16,384 x 8-Bit Mask-Programmable NMOS ROM 


uUPD23C64E 8,192 x 8-Bit Mask-Programmable CMOS ROM .......... 


vPD23C128E 16,384 x 8-Bit Mask-Programmable CMOS ROM 
uPD23C256E 32,768 x 8-Bit Mask-Programmable CMOS ROM 
uPD23C1000 131,072 x 8-Bit Mask-Programmable CMOS ROM 


uPD23C2000 2,097,152-Bit Mask-Programmable CMOS ROM .......... 
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NEC 


NEC Electronics Inc. 


Description 

The PD2364A is a 65,536-bit Read-only Memory utilizing 
NMOS silicon gate technology. The device is static in oper- 
ation, organized as 8,192 words by 8 bits and operates from 
asingle +5V + 10% power supply. The »~PD2364A has 
three-state outputs. All inputs and outputs are fully TTL- 
compatible. The Output Enable/Chip Enable pin is mask- 
programmable and can be specified by selecting 1, 0 or 
don’t-care data and standby mode. The .PD2364<A is 
available in a plastic (uPD2364AC) 24-pin DIP. Pinout is 
compatible with Mostek MK36000® 


® = Registered trademark. 


Features 
L) 8,192-word by 8-bit organization 
J VO TTL-compatible 
CL) Three-state outputs 
L] Single +5V + 10% power supply 
(1 Mask-programmable OE/CE 
[] 24-pin plastic DIP 
L] 2 performance ranges: 
Power Supply 


Device Access Time 








Active Standby 
uPD2364A 200ns 70mA 15mA 
»PD2364A-1 150ns 70mA 15mA 

Block Diagram 


Oy 0; O2 Oz O, O5 Og O, 


Output Buffers 


g 
: 
i 
2 


8,192x8 
Memory Cell 
Matrix 














yp PD2364A 

8,192 x 8-BIT 
MASK-PROGRAMMABLE 
NMOS ROM 


Revision 1 


Pin Configuration 


< 
z 
E 
— B 


Pin Identification 





Pin 
No. Symbol Description 
ee dom Ana Address Inputs 
9-11, Oo-07 Three-state Data Outputs 
13-17 
12 GND Ground 
20 o8ee eo 
24 Vec +5V + 10% Power Supply 
Note: © Pin 20 may be mask-programmed as an OE or a CE function. If it is defined as OE, 
it may be specified as active high (1), active low (0), or don't-care (X). If it is defined as 


CE, it will be active low (0) and a high (1) for standby mode. 
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»uPD2364A 


NEC 





Absolute Maximum Ratings* 





Supply Voltage, Vcc -0.5V to +7V 
Input Voitage, V, -0.5V to +7V 
Output Voltage, Vo -0.5V to +7V 


Operating Temperature, Topr ~10°C to + 70°C 
Storage Temperature, Tsta -65°C to + 150°C 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Capacitance 
Ta = —10°C to + 70°C; Voc = +5V + 10% 

Limits Test 

Parameter Symbot Min Typ Max Unit Conditions 

Input Capacitance C, 10 pF ft = 1MHz 
Output Capacitance Co 15 pF t = 1MHz 
DC Characteristics 
Ta = —10°C to + 70°C; Voc = +5V + 10% 

Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Input High Voltage = Vy +2.0 Vee + oy 
Input Low Voltage Viv -0.5 +0.8 Vv 
Output High Voltage Voy +2.4 Vlog = —400LA 
Output Low Voltage Vor +04 Voip, = +2.1mA 
Input Leakage 
Current High tui 10 vA Vi = Voc 
Cuerent Lowe be -10 WA W=0V 
Output Leakage Vo = Veg (chip 
Current High hou +10 HA deselected) 
Output Leakage _ Vo = OV (chip 
Current Low fou 10 HA deselected) 
loca 40 70 mA CE=VYy, 

Power Supply Current 1,.,@ 8 15 mA CE= Vy 


(standby mode) 
Note: © OE/CE = CE. 





AC Characteristics 
Ta = —10°C to + 70°C; Voge = +5V + 10% 
Limits 
uPD2364A .PD2364A-1 Test 
Parameter Symbol! Min Max Min Max Unit Conditions 
Access Time tace 200 150 ns 
Chip Enable Input Voltage: 
Access Time tce® mn ocak a ia one 
Timing Reference 
ng toe® «10s 100 10 100s m8 Levit, 
Input and Output = 
ts a a 0 0 ne 0.8V and 2.0V 
Load = 1 TTL + 100pF 
erento 0 90 oO 0 ns 
Notes: © OE/CE = CE. 
®@ O€/CE = OE. 


High Impedance AA 





NEC 


NEC Electronics Inc. 


Description 

The .PD2364E is a 65,536-bit Read-only Memory utilizing 
NMOS silicon gate technology. The device is static in opera- 
tion, organized as 8,192 words by 8 bits and operates from a 
single + 5V power supply. The device has three-state outputs 
and all inputs and outputs are fully TTL-compatible. The chip 
select pins are mask-programmable and can be specified by 
selecting 1, 0, and Don’t-care data. Pinout is compatible with 
2764 EPROMs. 


Features 

C Allinputs and outputs are fully TTL-compatible 
C Three-state outputs for direct bus compatibility 
CL] Single +5V + 5% power supply 

L] Three mask-programmable chip selects 

L] 2 performance ranges: 





Power Supply 





Device Access Time Active Standb 

pw PD2364E 250ns 80mA 20mA 

»PD2364E-1 200ns 80mA 20mA 
Block Diagram 


Oy 0, O, O; 0, Os O, O, 
‘ ‘ 


Output Buffers 


Y-Selector 











Memory 
Cell Matrix 
(32,768 x 8) 








uPD2364E 

8,192 x 8-BIT 
MASK-PROGRAMMABLE 
NMOS ROM 


Revision 2 


Pin Configuration 


2810 Vcc (+5V) 


1 
2 
3 
4 
5 
6 
7 
8 


(OV) GND [14 


Pin Identification 











Pin 
No. Symbol Function 
1 NC _ No Connection. 
aoa Ao-Ai2 Address Inputs. 
11-13, Qo-0, Three-state Data Outputs. 
15-19 
14 GND Ground. — 
20 CE Chip Enable. 
22,26-27 OE:-OE3 Mask-programmable Chip Selects. 
28 Voc Single +5V Power Supply. 
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uPD2364E 


Absolute Maximum Ratings* 








Supply Voltage, Vcc -0.5V to +7V 
Input Voltage, V, -0.5Vto +7V 
Output Voltage, Vo -0.5Vto +7V 





- 10°C to +70°C 
- 65°C to + 150°C 


Operating Temperature, Topr 
Storage Temperature, Tsta 








* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Capacitance 
T, = -10°C to +70°C 





Limits 








pu PD2364E »PD2364E-1 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Input Capacitance C; 10 10 pF f = 1MHz 
Output = 
Capacitance Co 15 15 pF f= 1MHz 
DC Characteristics 


T, = —10°C to +70°C; Veg = +5V + 5% 
Limits 


















































Parameter Symbol Min Typ Max Unit Test Conditions 
Input High Voltage Vin +24 Veo +10 V 
Input Low Voltage Vi. -0.5 +07 v 
Output High Voltage Vou +2.4 v lox = — 400.4 
Output Low Voltage Vor +0.4 Vv fo. = +2.1mA 
Hoh Leakage Current ee +10 yA Vi = Vee 
ue Leakage Current lov ~10 yA Vy = 0V 
Output Leakage Current Vo =Vce, chip 
High lou +10 uA deselected 
Output Leakage Current 2 Vo = OV, chip 
Low Ito 0 HA deselected 
Supply Voltage Current —Icci 45 80 mA CE=Vit 
Supply Voltage Current —Icc2 12 20 mA ba an Vin, standby 
AC Characteristics 
T, = —10°C to +70°C; Voc = +5 + 5% 
Limits 
uPD2364E »PD2364E-1 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions® 
Access Time tacc 250 200 ns 
Chip Enable 
Access Time tce 250 200 ns 
OE; to OE3 
Output On Time toe 10 110 = 10 100 ns 
Output Hold 
Time tou 0 0 ns 
Output Disable 
Time tor tt] 100)— 0 90 ns 





Notes: © Input rise and fall times (ta, t-): 20ns 
Timing reference levels: Input and Output voltages = 0.8V and 2.0V 
Load = 1 TTL + 100 pF 


Timing Waveform 


Address Valid 


io 


tace oD 
O,-0. a ae es Data Valid _)>) 
i High Impedance Was Li High 


Impedance 





Definitions 

Access Time, tacc 

Access time is the maximum time between the application of 
a valid address and the corresponding valid data out. 
Output Hold Delay, ton 

Output hold delay is the minimum time after an address 
change that the previous data remains valid. 

Chip Enable Access Time, tce 

The maximum time between application of a valid chip enable 
input and the corresponding valid outputs. 

Output Enable Time, toe 

Output enable time is the maximum delay between chip 
selects becoming true and output data becoming valid. 
Output Disable Time, tor 

Output disable time is the delay between chip selects or chip 
enable becoming false and output stages going to the high 
impedance state. tor is specified as CE or OE, whichever 
comes first. 


Custom Programming Instructions 

Bit pattern submittal options 

The customer's unique bit pattern can be submitted in sev- 
eral convenient methods that are easy for the ROM cus- 
tomer, and readily verifiable for accuracy. The bit pattern can 
be delivered to NEC contained within: 

1. One programmed 2764 EPROM 

2. Two programmed 2732 EPROMs 

Bit pattern verification 

For customer verification of the submitted bit pattern, several 
alternatives are also available. The following are those found 
to be most expeditious. 





Customer Pattern 
Submitted Via Verification Routine 
1. One programmed Customer sends NEC one additional 
2764 EPROM erased 2764. NEC programs the spare 


2764 with the data from the programmed 
2764, and returns it to the customer for 
verification. 





2. Two programmed 
2732 EPROMs 


Customer sends NEC two additional 
erased 2732s. NEC programs the spare 
2732s with the data from the programmed 
EPROMs and returns them to the cus- 
tomer for verification. 





NEC 


NEC Electronics Inc. 


Description 

The »PD23128E is a fully static 131,072-bit Read-only Mem- 
ory, utilizing MOS N-channel silicon gate technology. The 
device is organized as 16,384 words by 8 bits and operates 
from a single + 5V power supply. All inputs and outputs are 
fully TTL-compatible..-The device has two programmable out- 
put enables that allow memory expansion without the use of 
external logic. Programming is accomplished during the fabri- 
cation process. Pinout is compatible with 27128 EPROMs. 


Features 

CL) Fast access time: 250ns max 

CJ Allinputs and outputs fully TTL-compatible 

L] Three-state outputs for direct bus compatibility 

QO) Single +5V + 10% power supply 

CL) Fully static operation 

[J Two programmable output enables for memory expansion 
(1) Low-power standby mode 


Block Diagram 








£ 
o 
3 
§ 
z 


Memory Cell Matrix 








»PD23128E 

16,384 x 8-BIT 
MASK-PROGRAMMABLE 
NMOS ROM 


Revision 1 


Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 


pPD23128E 


Pin Identification 




















Pin 
No. Symbol Function 
1 NC No Connection. 
cohol 7 Bo~Ai3 Address Inputs. 
11-18, Q-0, Three-state Data Outputs. 
15-19 
14 GND Ground. 
20 cE Chip Enable. 
22, 27 OE,, OE, Output Enables. 
28 Voc Single +5V Power Supply. 
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uPD23128E 


Absolute Maximum Ratings* 











Supply Voltage, Voc -0.5Vto +7V 
Input Voltage, V, -0.5V to +7V 
Output Voltage, Vo —0.5V to +7V 
Operating Temperature, Topr - 10°C to +70°C 





Storage Temperature, Tsta - 65°C to + 150°C 





* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


DC Characteristics 
Ta = —10°C to + 70°C; Vec = +5V + 10% 





Limits 


neem Test 
Symbo! Min Typ Max Unit 
































Parameter Conditions 
Input High Voltage Vin +2.0 Veg +10 V 
Input Low Voltage Vit -0.5 +0.7 v 
Output High Voltage = Voy +2.4 v low = —400pA 
Output Low Voltage Vor +0.4 Vv lop = +3.2mMA 
Input Leakage = 
High Current tu ne pA = Vee 
Input Leakage _ _ 
Low Current fh ao BA, MS ON. 
Output Leakage Vo = Vee, Chip 
High Current hon oe wA deselected 
Output Leakage - Vo = OV, Chip 
Low Current hou Ag HA deselected 
lees 50 90 mA CE=V, 
Power Supply Current CE = Vi, 
Ieea a 3 mA Standby mode 
AC Characteristics 


T, = -10°C to + 70°C; Veg = +5V + 10% 
: Limits 














Parameter Symbol Min Typ Max Unit Test Conditions 
Address to Output 
Access Time tacc 250 ns 
Chip Enable Access 
Time tce 250 ns 
Output Enable Access 
Time toe 10 100 ns 
Output Hold Time ton 0 ns 
Output Disable Time _ tor 0 100 ns 
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Timing Waveform 


Valid Address 


OE,-OE2 


Qo-O7 





Definitions 
Access Time, tacc 


Access time is the maximum time between the application of 
a valid address and the corresponding valid data out. 


Chip Enable Access Time, tce 

The minimum time between application of a valid chip enable 
input and the corresponding valid outputs. 

Output Enable Access Time, toe 

The minimum time between application of valid output enable 
inputs and the corresponding valid outputs. 

Output Hold Time, tox 

Output hold time is the minimum time after an address 
change that the previous data remains valid. 

Output Disable Time, tor 


Output disable time is the delay between chip selects becom- 
ing false and output stages going to the high impedance state. 


NEC 


NEC Electronics Inc. 


Description 

The pPD23C64E is a 65,536-bit Read-only Memory util- 
izing CMOS silicon gate technology. The device is static 

in operation, organized as 8,192 words by 8 bits andhas 
three-state outputs. All inputs and outputs are fully TTL- 
compatible. The output enable pins are mask-programmable 
and can be specified by selecting 1, 0, or don’t-care data 
(see Table 1). The »PD23C64E is packaged in a plastic 
(wPD23C64EC) 28-pin DIP. Pinout is compatible with 
»PD2764 EPROMs. 


Features 

CL) 8,192-word x 8-bit organization 

CL) I/O TTL-compatible 

CL] Three-state outputs 

(] Single + 2.5V to +6.0V power supply 

L] CMOS process technology 

C1 Fully static operation 

CL) Pinout compatible with »PD2764 EPROMs 
[] Plastic 28-pin DIP available 

(J 2 performance ranges: 


Power Supply 





Devi A Ti 

evice ccess Time Active Standby 
uPD23C64E 200ns 25mA 30pA 
»PD23C64E-1 150ns 30mA 30nA 





Biock Diagram 


S% o 0, 0, 0, O, O, 0, 


‘tf t tt 


fi 


Y-Decoder 


























2 
2 
3 
a 
a 
7) 
2 
3 
< 


Memory 
Cell Matrix 
(8192 x 8) 








yp PD23C64E 

8,192 x 8-BIT 
MASK-PROGRAMMABLE 
CMOS ROM 


Revision 1 


Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 


(OV)GND [114 


Pin Identification 




















Pin ; 
No. Symbol Description 
1 NC No Connection 
2-10, 21, 
23-25 Ag-Ai2 Address Inputs 
11-13, 
15-19 0-07 Data Outputs 
14 GND Ground 
20 CE Chip Enable 
22,26-27 O€E,-OE, Output Enables © 
28 Voc Single +2.5V to +6.0V power supply 





Note: © The active levels of OE, OE, and OE; input can be specified by the values given in 
Table 1. 


Table 1. OE;—OE3 Active Level Specifications 


° 
m 
= 
° 
m 
ry 
° 
m 
ry 























x<l/alol/aloj/ajol/alo 
</a|a|olo/=|-=|olo 
<i/alal|eal|slofololo 





Note: © X = Don't-care. 
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uPD23C64E 


Absolute Maximum Ratings* 
Supply Voltage, Vcc 

Input Voltage, V, 

Output Voltage, Vo 

Operating Temperature, Topr 

Storage Temperature, Tstgq - 


-0.3V to +7V 
-0.3V to Veg +0.3V 
-0.3V to Voc +0.3V 

—10°C to +70°C 
—65°C to + 150°C 

















*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 




















Capacitance 
Ta = —10°C to + 70°C; Voc = +2.5V to 6.0V 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance Cc 10 pF f = 1MHz 
Output Capacitance Co 15 pF f= 1MHz 
DC Characteristics 
Ta = -10°Cto + 70°C; Veg = +5.0V + 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input High Vee 
Voltage Vw = +03 
Input Low = 
Voltage Vi 0.3 08 Vv 
Output High aa 
Voltage Von 2.4 Vo lon = ~400hA. 
Output Low 2 
Voltage Vo 04 Vo Io, = +3.2mA 
Input Leakage = 
Current High ae HA ML = Vee 
Input Leakage _ 2 
Current Low ‘ut 10 nA v= OV 
Output Vo =V 
= Vcc 
earreecHi gh Low 10 HA (chip deselected) 
Output 
= Vo = OV 

ietiry Low Non 19 HA (chip deselected) 

; 13 25 mA tE=v 23C64E 

re 16 30. mA 23C64E-1 
Power Supply —§_——<<$AR&o SS 
Current loca 0.2 1.5 mA _ CE=V,, (standby mode) 

lees 0.2 30 pa CE=Vec ~0.2V 


(standby mode) 


—_ 
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DC Characteristics (Cont.) 


Ta = —10°C to + 70°C; Voc = +2.5V + 6.0V 
Limits Test 



































Parameter Symbol Min Typ Max Unit Conditions 
Input High 0.7 Vec 
Voltage Vin X Veco +03 ¥ 
Input Low = 0.18 
Voltage Vn 0.3 x Veco 
Output High 0.75 rae 
Voltage Vou eu Vs lon = —400pA 
Output Low _ 
Voltage Vor 0.45 Vo Ip. = +400pA 
Input 
Leakage lon 10 pA W= Veo 
Current High 
Input 
Leakage to -10 pA V,=0V 
Current Low 
Output Vo = Vee 
Leakage lon 10 pA 
Current High (chip deselected) 
Output 
Vo = OV 
Leakage hot -10 pA (9 
Current Low (chip deselected) 
3 10 MA Vcc = +3.0V + 10% 
23C64E 
lees 7 18 MA Voc = +5.0V+ 10% 
3.5 10 mA Voc = +9.0V210% oie ; 
Power Supply 8 20. mA Vcc=+5.0V2 10% : 
Current 
04 30 pA Voc =+3,0V+10% CE =Vec 
\ce3 Fs 
standb 
0.2 30 pA Voo = +5.0V% 10% ¢ pede 
AC Characteristics 
Ta = —10°C to + 70°C; Voce = +5.0V + 10% 
Limits 
23C64E 23C64E-1 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions© 
Access Time tacc 200 150 ns 
Chip Enable 
Access Time ‘CE 20 ne 
Output Enable 
Access Time  'E 10 100 = 10 100 ons 
Output 
Hold Time oH ° ° oe 
Output 
Disable Time tog 1) 90 0 90 ns 





Note: © Input voltage, ty, te = 20ns; 
Input and output timing reference levels = 0.8V and 2.0V; 
Load = 1 TTL + 100pF. 


AC Characteristics (Cont.) 
Ta = —10°C to + 70°C; Voc = +2.5V to +6.0V 





Limits 

23C64E 23C64E-1 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions© 
Access Time tacc 600 450 ns 
Chip Enable 
Access Time ‘ce 600 oud ns 
Output Enable 
Access Time ‘OE S00 300 ns 
Output 
Hold Time ox ® o ns 
Output 0 250 0 250 ns 


Disable Time ‘or 


Note: © Input and output voltage timing reference levels - 0.18V¢¢ and 0.7V¢¢ ; 
Load = 150pF. 


NEC 


Timing Waveform 


= 


Meter © tog 18 spacited trom OF ofCE whichever occurs tus. 





uPD23C64E 


Definitions 
Access Time, tacc 


Access time is the maximum time between the application of 
a valid address and the corresponding valid data out. 

Chip Enable Access Time, tce 

The minimum time between application of a valid chip enabie 
input and the corresponding valid outputs. 

Output Enable Access Time, toe 

The minimum time between application of a valid output 
enable input and the corresponding valid outputs. 

Output Hold Delay, ton 

Output hold delay is the minimum time after an address 
change that the previous data remains valid. 

Output Disable Time, tor 

Output disable time is the delay between chip selects 
becoming false and output stages going to the high 
impedance state. 
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»PD23C128E 


NEC 16,384 x 8-BIT 
MASK-PROGRAMMABLE 
NEC Electronics Inc. CMOS ROM 
Revision 1 

Description Pin Configuration 


The pPD23C128E is a 131,072-bit Read-only Memory 
utilizing CMOS silicon gate technology. The device is 
static in operation, organized as 16,384 words by 8 bits, 
and has three-state outputs. All inputs and outputs are 
fully TTL-compatible. The output enable pins are mask- 
programmable and can be specified by selecting 1, 0, or 
Don’'t-care data (see Table 1). The »~PD23C128E is pack- 
aged in a plastic (.PD23C128EC) 28-pin DIP. Pinout is 
compatible with ~PD27128 EPROMs. 


»PD23C128E 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


Features 

CL) 16,384-word x 8-bit organization 

LC] /O TTL-compatible 

L] Three-state outputs 

LC Single +2.5V to +6.0V power supply 
C Plastic 28-pin DIP 

(1) 2 performance ranges: 





Pin Identification 


























Power Suppl 
Device Access Time Oe SUPP y ___. Pin 
Active Standb No. Symbol Description 
u.PD23C128E 200ns 25mA 3OuA 1 NC No Connection 
».PD23C128E-1 150ns 30mA 30nA Bays Ay-Ayg Address Inputs 
11-13 
- O,-0. Data Outputs 
15-19 es 
Block Diagram = cas San 
20 CE. Chip Enable 
22,27 OE, OE, © Output Enables 
28 Vop +2.5V to +6.0V Power Supply 





Note: © Active level inputs are specified in Table 1. 


Output 


Buffers 






































2 Vv 
ReSREEE Table 1 Beene GAL. Level 
Y-Selector __ OFF Ci 
0 0 
F et 
a 0 1 
5 1 1 
. x x 
2 Note: x = Don't care. 
< Cell 
peutlgaeen Absolute Maximum Ratings* 
Operating Temperature, Topr —10°C to + 70°C 
Storage Temperature, Tstg — 65°C to +150°C 
Supply Voltage, Vop -0.3V to +7V 
Input Voltage, V, -0.3V to Vop + 0.3V 
Output Voltage, Vo —0.3V to Vop +0.3V 








* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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»PD23C128E 





























Capacitance 
Ta = —10°C to + 70°C; Voc = +2.5V to +6.0V 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance Cc, 10 pF f = 1MHz 
Output Capacitance Co 15 pF ft = 1MHz 
DC Characteristics 
Ta = —10°C to + 70°C; Von = +5.0V + 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input High 
Voltage Vin 2.2 Vpp + 0.3 
Input Low e 
Voltage Vit 0.3 08 Vv 
Output High x 
Voltage Von 2.4 Vs fon = —400LA 
Output Low ix 
Voltage Voi 04 Vo Io, = +3.2mA 
Input Leakage hui 10 “A Vi=Vop 


Current High 


Input Leakage | 
Current Low ttt 


Output Leakage { 
Current High LOH 


Output Leakage 





-10 yA V,=0V 





10 HA Vo = Vop (Chip deselected) 





Current Low "tou —10 nA Vo = OV (Chip deselected) 
is 250 mA — uPD23C128E 
‘ops ce=y, 0 
puwersuseie cae A ee 
Current long OS mA CE = Vy (Standby mode) 
CE = Vpp — 0.2V 
Hees = 2 oe (Standby mode) 


Ta = —10°C to + 70°C; Von = +2.5V to +6.0V 





Limits 









































Se Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input High 0.7 
Voltage Vin Vop Von +0.3 V 
Input Low = 0.18 
Voltage Vu os x Vop 
Output High 0.75 feria 
Voltage Vou * Voo Ny le anes 
Output Low = 
Voltage ‘OL 0.45 Vi Ig. = +400,A 
Input 
Leakage lum 10 pA V, = Vop 
Current High 
input 
Leakage to -10 pA V, = 0V 
Current Low 
Output 
Leakage Lon 10 pA Vo = Vpp (Chip deselected) 
Current High 
Output 
Leakage Lot —10 HA Vo = OV (Chip deselected) 
Current Low 
3 10 MA Vop= +3.0V + 10% 
»PD23C128E 

' 7 18 MA Vpp= +5.0V+ 10% 
Power oe 3.5 10 = MA Vpp= +3.0+ 10% 
Supply »PD23C128E-1 
Current 8 20 MA Vpp= +5.0V+ 10% 

loos 0.1 30 pA Von = +3,0V+10% CE = Vp)-0.2V 

0.2 30 pA Vpp= +5.0V+10% (Standby mode) 
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AC Characteristics 
Ta=—10°C to + 70°C; Vop= +5.0V+10% 


























Limits . 
fest 
23C128E 23C128E-1 Conditions 
Parameter Symbol Min Typ Max Min Typ Max Unit ® 
Access Time tace 200 150 ns 
Chip Enable 
Access Time ‘cE 200 150 ns 
OE,, OE, . 
Output toe 10 100 10 100 ns 
On Time 
Output 
Hold Time ton 0 0 ns 
Output 
Disable Time tor 0 90 0 90 ns 
Note: © Input voltage, ta, tp = 20ns; 
Input and output timing reference levels = 0.8V and 2.0V; 
Output load = 1 TTL + 100pF. 
AC Characteristics (Cont.) 
Ta = —10°C to + 70°C; Vop = +2.5V to +6.0V 
Limits < 
fest 
23C128E 23C12GE-1 Conditions 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Access Time tacc 600 450 ns 
Chip Enable : 
Access Time ‘ce 600 460 ons 
O€E,, OE, 
Output toe 300 300 ons 
On Time 
Output 
Hold Time ‘ox ° e ne 
Output 
Disable Time tor 0 250 0 250 ns 


Note: © Input and output timing reference levels = 0.18Vpp and 0.7Vpp; 
Output load = 150pF. 


Timing Waveform 


Address Valid 


Data Valid 


Note: © tog is specitied from OE or CE whichever occurs first. 


NEC 32,768 x 8-BIT 





: MASK-PROGRAMMABLE 
NEC Electronics Inc. cmos ROM 
Revision 1 

Description Pin Configuration 


The wPD23C256E is a 262,144-bit Read-only Memory 
utilizing CMOS silicon gate technology. The device is 
static in operation, organized as 32,768 words by 8 bits, 
and has three-state outputs. All inputs and outputs are 
fully TTL-compatible. The Output Enable pin is mask- 
programmable and can be specified by selecting 1, 0, or 
don't-care data. The ~PD23C256E is packaged in a 28- 
pin plastic (uPD23C256EC) DIP and a 28-pin miniflat 
package (~PD23C256EG). Pinout is compatible with 
uPD27256 EPROMs. 


1 
2 
3 
4 
5 
6 
7 
8 


Features 
(1) 32,768-word by 8-bit organization 
1 VO TTL-compatible 
L] Three-state output 
C1 Single +2.5V to +6.0V power supply 
C1 Available in plastic DIP and miniflat packages 
[-] Low power consumption 
~ Active: 40mA max Pin 





Pin Identification 




















= Standby: 30 pA max No. Symbol Description 
CL] 2 performance ranges: 1 NC No Connection 

SS = owe Sanc | oscar Aran Address inputs 

oes nie ————_ ee 

Device nposee ne Active Standb Weg 90-0 Data Outputs 

pPD23C256E 200ns 25mA 30nA 14 GND Ground 

p.PD23C256E-1 150ns 30mA 30pA 20 CE Chip Enable 

22 OE Output Enable © 
. 28 Voc Single +2.5V to +6.0V Power Supply 

Block Diagram Note: @ The active level of the OE input is specified by 0, 1, or x where x equals 


don't-care data. 


Output Buffers 








M4 
o 
= 
oS 
a 
% 
% 
2 
3 
<q 


Memory 
Cell Matrix 
(32,768 x 8) 
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uPD23C256E 


Absolute Maximum Ratings* 
Supply Voltage, Vcc 

Input Voltage, V, 

Output Voltage, Vo 


—-0.3V to +7V 

—0.3V to Vcc +0.3V 

* —0.3V to Vec +0.3V 
Operating Temperature, Topp  =40°C to +70°C 
Storage Temperature, Tstc — 65°C to + 150°C 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 





















































Capacitance 
Ta = -10°C to + 70°C 
Limits Test 
Parameter Symbo! Min Typ Max Unit Conditions 
Input Capacitance C, 10 pF t= IMHz 
Output Capacitance Co 15 pF t= 1MHz 
DC Characteristics 
Ta = —10°C to + 70°C; Vec = +5.0V + 10% 
Limits Test 
Parameter Symbol Min Typ Max = Unit Conditions 
Input High 
Voltage Vin 2.2 Veo + 0.3 V 
Input Low _ 
Voltage Vin 0.3 08 V 
Output High == 
Voltage Von 24 V lon = —400nA 
Output Low e 
Voltage Vow 04 V Io = +3.2mA 
Input Leakage a 
Current High hun 10 pA Y= Voc 
Input Leakage = a 
Current Low tue 10 pA V,=0V 
Output Leakage 
Garrat High 9° thon 10 BHA Vo = Vcc (Chip deselected) 
Output Leakage 
Current Low hho -10 pA Vo = OV (Chip deselected) 
14 25 mA — »PD23C256E 
leer CE=vy, = 
17 30 mA pPD23C256E-1 
Power Supply — 
Current loca 0.2 1.5 mA _CE = Vy (Standby mode) 
leg 0.2 30 pa CE= Voc ~ 0.2V 


(Standby mode) 





NEC 


DC Characteristics (Cont.) 
Ta = —10°C to + 70°C; Voc = +2.5V to +6.0V 
Limits 












































Parameter Symbol Min Typ Max Unit Test Conditions 

Input High .. O7%x Vec 

Voltage Via Veo +oav 

Input Lowy -0.3 0.55 Veo = '2.5V to 4.5V- 

Voltage ves -0.3 0.8 Vec = 4.5V to 6.0V 

Output High 0.75 my 

Volta ge Von Veo Vv lon 3 400,A 

Output Low 

votes ne Vor 0.45 Vo Io. = +400nA 

Input 

Leakage lose 10, pA V= Veg 

Current High ‘ 

Input 

Leakage how -10 pA V,=0V 

Current Low 

Output 

Leakage low 10 pA Vo = Veo (Chip deselected) . 

Current High 

Output 

Leakage foo -10 pA Vo = 0V(Chip deselected) 

Current Low 
3 10 MA Voc = +3.0V + 10% pnasesene 
6 18 MA Vog=+5.0V210% © 

Power i 35 10 = MA Vcc = +3,0V+ 10% 

Supply cct ».PD23C256E-1 

Current 7 20 mA Veco = +5.0V + 10% ‘ 

ks 0.1 30 HA _Voo = +3.0V#10% CE = Voy -0.2V 

0.2 30 pA Vec= +5.0V+10% (Standby mode) 


AC Characteristics 
Ta = —10°C to + 70°C; Voc = +5.0V+10% 
































Limits ee 
es 
: 23C256E 23C256E.-1 Conditions 
Parameter Symbol Min Typ Max Min Typ Max Unit ® 
Access Time tacc 200 150 ns 
Reseec Tne” ton 10 100 10 100 ns 
Output : 
Hold Time ‘oH 7 4 ne 
Output é 
Disable Time ‘°F 0 as a0" 1.08 ® 
Notes: © input voltage, ta, ts = 20ns; 
Input and output timing reference levels = 0.8V and 2.0V; 
Load = 1TTL + 100pF. 
® tor is specified from CE or OE, whichever occurs first. 
AC Characteristics (Cont.) 
Ta = —10°C to + 70°C; Voc = +2.5V to +6.0V 
Limits 
Test 
23C256E 23C256E-1 Conditions 
Parameter Symbol Min Typ Max Min Typ Max Unit ®@ 
Access Time tacc 650 . 500 ns 
hip Enabl 
resto Time tee 650 oot 8 
output Ena, 20 500m 
Output : 
Hold Time ‘oH be . ns 
Output 
Disable Time ‘°F 0 250 «0 250 ns ® 





Notes: © Input and output timing reference levels = Vj), and Vi; 
Load = 150pF. ae 
® tor is specified from CE or OE, whichever occurs first. 


NEC 


Timing Waveform 


Note: © to, is specified from OE or CE, whichever occurs first. 





»PD23C256E 


Definitions 

Access Time, tacc 

Access time is the maximum time between the application 
of a valid address and the corresponding valid data out. 
Chip Enable Access Time, to; 

The maximum time between application of a valid chip 
enable input and the corresponding valid outputs. 
Output Enable Access Time, toe 

The maximum time between application of a valid output 
enable input and the corresponding valid outputs. 
Output Hold Time, to, 

Output hold time is the minimum time after an address 
change that the previous data remains valid. 

Output Disable Time, tp- 

Output disable time is the delay between chip selects 
becoming false and output stages going to the high-im- 
pedance state. tp- is specified from CE or OE, whichever 
occurs first. 
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yuPD23C256E NEC 


NEC 


NEC Electronics Inc. 


Description 


The wPD23C1000 is a 1,048,576-bit ROM utilizing 
CMOS silicon gate technology. The device is static in 
operation and organized as 131,072 words by 8 bits. 
The device has three-state outputs and all inputs and 
outputs are fully TTL-compatible. The vPD23C1000 is 
available in a plastic (uPD23C1000C) 28-pin DIP. 


Features 


O 131,072 words by 8-bit organization 

C1 Fast access time 

0 TTL-compatible inputs and outputs 

CO) Three-state outputs 

O Single +5 V power supply 

C] CMOS process technology 

C) Fully static operation 

CO Low power dissipation: 220 mW (active) 
550 wW (standby) 


Performance Ranges 


Access Time Power Supply (Max) 
Device (Max) Active Standby 
uPD23C1000C-1 200 ns 40 mA 100 vA 
uPD23C1000C 250 ns 40 mA 100 vA 


Absolute Maximum Ratings 


Supply voitage, Vcc —0.3 to +7 V 
input voltage, V| —0.3 V to Veg +: 0.3 V 
Output voltage, Vo —0.3 V to Veg + 0.3V 
Operating temperature, Topp —10 to +70°C 
Storage temperature, Tstg —65 to +150°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 25°C 

Limits Test 
Parameter Symbol Min Typ Max Units Conditions 
Input capacitance (C, 10 pF f=1MHz 
Output capacitance Co 15 pF f=1 MHz 





uPD23C1000 

131,072 x 8-BIT 
MASK-PROGRAMMABLE 
CMOS ROM 


Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 
9 


uPD23C1000 


Pin Identification 


No. Symbol Function 

1-10, 21-27 Ao-Ais Address inputs 
11-13, 15-19 09-07 Data outputs 

14 GND Ground 

20 CE Chip enable 

28 Vec +5 V power supply 


Block Diagram 


Oo 01 O2 O03 O4 O5 Og 07 


tt tf 


Y¥-Selector 


| Memory Cell Matrix 


131072 x 8 


o 
Z 
° 
o 
3 
> 


oo 
¢ 
s 
= 
3 
(=) 
< 
=| 
a 
£ 
o 
a 
2 
g 


83-0019718 
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uPD23C1000 


DC Characteristics 


Ta = —10°C to +70°C, Voc = +5.0 V + 10% 


Parameter 


Input high 
voltage 


Input low 
voltage 


Output high 
voltage 


Output low 
voltage 


Input leakage 
current high 


Input leakage 
current low 


Output leakage 
current high 


Output leakage 
current low 


Power supply 
current 


Power supply 
current 


Power supply 
current 
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Symbol 
Vin 


ViL 

Vou 
VoL 
LH 
ILL 
ILoH 
LoL 
cc 
Icca 


Icc3 


2.2 


~0.3 


2.4 


Limits 


Min Typ Max Unit 


Veco ~V 
+0.3 


08 OV 


10 yA 


—10 wA 


Test 
Conditions 


lon = —400 wA 
lol = +3.2 mA 
Vi = Voc 
Vj=0V 


Vo = Vee. 
Chip deselected 





—10 pA 
40 mA 
15 mA 


100 yA 


Vo= OV, 
Chip deselected 


CE = Vit 


CE = Vin, 
Standby mode 


CE = Veg -0.2 V, 


Standby mode 


NEC 


AC Characteristics (Note 1) 
Ta = —10°C to +70°C, Veg = +5.0 V +10% 


Parameter 
Address access time 


Chip enable 
access time 


Output hold time 
Output disable time 


Note: 


HPD2301000-1 .PD23C1000 


Symbol Min Max Min Max 
tacc 200 250 
tce ~ 200 250 
tou 0 0 

tor 0 6 oO 60 


Unit 
ns 
ns 


ns 
ns 


(1) AC test conditions: Input voltage rise and fall times’ = 20 ns; 
timing reference levels: inputs and outputs = 0.8 V and 2.0 V; 
output load = 1 TTL + 100 pF 


Timing Waveform 


High Impedance 


Li Data Valid 


AN 
UM 





NEC uPD23C2000 
2,097,152-BIT 

MASK-PROGRAMMABLE 

NEC Electronics Inc. uGe HOM 





Description Pin Configuration 


The wPD23C2000 is a 2,097,152-bit ROM utilizing 
CMOS silicon gate technology. The device is static in 
operation and the organization is mask-programmabie 
(word mode: 131,072 words by 16 bits; or byte mode: 
262,144 words by 8 bits). The device has three-state 
outputs and all inputs and outputs are fully TTL- 
compatible. The Output Enable pin is mask-program- 
mable and can be specified by selecting “1”, “O” and 
“Don’t Care” data. The wPD23C2000 is available in a 
plastic (uPD23C2000C) 40-pin DIP. 


oaOoanN ON & WN = 


q 
1s] 
x 
4 
Ee 


Features 


0) Programmable word organization 
131,072 words by 16 bits (Word mode) 
262,144 words by 8 bits (Byte mode) 

C) Fast access time: 250 ns 

1 TTL-compatible inputs and outputs 





LO Three-state outputs 83.0019708 
CF Single +5 V power supply 
Eros Diocess technology Pin Identification 
OC Fully static operation 
CO Low power dissipation: 220 mW (active) No. Symbol Function 
550 uW (standby) 1,31 NC No connection 
2-9, 32-40 Ao-A16 Address inputs 
Performance Range 10 cE Chip enable 
Access Time ____ Power Supply(Max) 11, 30 GND Ground 
Device (Max) Active Standby 12 OE Output enable 
pPD23C2000 250 ns 40 mA 100 vA 13-20, 22-28 05-014 Outputs 
: : 21 Voc +5 V power supply 
Absolute Maximum Ratings ig 015/44 Output 15 (word mode)/LSB 
Supply voltage, Voc —0.3V to+7V address (byte mode) 
Input voltage, V| —0.3 V to Vec +0.3 V 
Output voltage, Vo -03VtoVoe +03V Capacitance 
Operating temperature, Topr —10°C to +70°C Limits Test 
Storage temperature, Tstg —65°C to +150°C Parameter Symbol Min Typ Max Unit Conditions 
Comment: Exposing the device to stresses above those listed in Hee eee C| MW pF ter Mne 
Absolute Maximum Ratings could cause permanent damage. The P 
device is not meant to be operated under conditions outside the Output Co 15 pF f= 1 MHz 
limits described in the operational sections of this specification. capacitance 


Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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uPD23C2000 


Block Diagram 


iy 
2 
5 
a 
2 
| 
a 
£ 
o 
a 
2 
3 


DC Characteristics 
Ta = —-10°C to +70°C, Voc = +5.0 V + 10% 


Limits 
Parameter Symbol Min Typ Max 
Input high Vin 2.2 Voc 
voltage +0.3 
Input low Vit —0.3 0.8 
voltage 
Output high Vou 2.4 
voltage 
Output low VoL 0.4 
voltage 
Input leakage lod 10 
current high 
Input leakage ILL —10 
current low 
Outputleakage Ion 10 
current high 
Outputleakage Io —10 
current low 
Powersupply —Iccy 40 
current 
Powersupply —_— Ice 1.5 
current 
Power supply ICC3 100 
current 
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Unit 
V 


uA 


pA 


uA 


mA 


mA 


uA 


NEC 


Op Og 04 Og O2 Oip OZ O44 04 O12 O5 013 OG O44 O7 O15 


bea tet les see 


Y-Selector 


Buffer/Logic 


Memory Cell 
Matrix 
262144 x 8 
131072 x 16 


Input Buffer 


83.001971B 


AC Characteristics (Note 1) 
Ta = —10°C to +70°C, Voc = +5.0 V + 10% 


Test Limits 
Conditions Parameter Symbol Min Typ Max Unit 
Address access time tacc 250 ns 
Chip enable access time tce 250 ns 
Output enable access time toe 10 110 =ons 
lon = —400 A Output hold time tou 0 ns 
Output disable time tor 0 70 ons 
lop = +3.2 mA Nees COC 


(1) AC test conditions: Input voltage rise and fall times = 20 ns; 
Vi=Vec timing reference levels: inputs and outputs = 0.8 V and 2.0 V; 
output load = 1 TTL + 100 pF 


V,=0V 


Vo = Vcc; 
Chip deselected 
Vo =0V, 
Chip deselected 


CE = Vit 


CE = Vin, 
Standby mode 
CE = Voc — 
0.2 V, Standby 
mode 


NEC 


Timing Waveform 


9-07 Data Valid NN: 


Og-045 High Impedance 


L//# 


Note 
(1) tor is specified from OE or CE, whichever occurs first. 


83-001972A 
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NEC 


BIPOLAR TTL PROMs 1 


BIPOLAR TTL PROMs 


Section 11 — Bipolar TTL PROMs 


uPB426 1,024 x 4-Bit Bipolar TTL PROM 
uPB429 2,048 x 8-Bit Bipolar TTL PROM 


ee eee reo reese ese rere seesreerseeresesesese 


Coser ewer eres e rere sereesreereresseereses 


NEC 


NEC Electronics Inc. 


Description 

The »,PB426 is a high-speed, electrically programmable, 
fully decoded 4096-bit TTL read-only memory. On-chip 
address decoding, two chip-select inputs and three-state 
outputs allow easy expansion of memory capacity. The 
».PB426 is fabricated with logic level zero (low); logic level 
one (high) can be electrically programmed into the selected 
bit locations. The same address inputs are used for both 
programming and reading. 


Features 
[1 A.I.M. (Avalanche Induced Migration), Shorted-junction 
technology 














1 +10% Voc Operation 

C] Two Chip Select inputs for memory expansion 

C) Three-state outputs (uPB426) 

L] Cerdip and plastic 18-lead dual in-line packages 

(1 Fast programming time: 200 ys/bit typ. 

LC] Compatible with: HM-7643, 825137 types and 
equivalent devices 

C] 4 performance ranges: 

Device Address Access Time Power Supply 
».PB426 70ns 150mA 
pPB426-1 60ns 150mA 
pPB426-2 50ns 150mA 
.PB426-3 35ns 150mA 





Block Diagram 
Output 


Buffer 
Se Output a 


4096-bit 


{64 x 64) 
Memory Cells 
Array 
Fa 


Butter Ps 


Output 


Word Decoder 


Address Buffer 





uPB426 
1,024 x 4-BiIT 
BIPOLAR TTL PROM 


Revision 1 


Pin Configuration 





Pin Identification 




















Ag-Ag Address Inputs 

O,-O4 Data Outputs 

CS, CS. Chip Selects 

Vec Power (+5V) 

GND Ground 
Operation 


Programming 

A logic one can be permanently programmed into a 
selected bit location by using a programmer. First, the 
desired word is selected by the ten address inputs in 
TTL levels. Either or both of the two chip select inputs 
must be at a logic one (high). Secondly, a train of high- 
current programming pulses is applied to the desired 
output. After the sensed voltage indicates that the 
selected bit is in the logic one state, an additional 
pulse train is applied, then stopped. 


Reading 

To read the memory, both of the two chip select inputs 
should be held at logic zero (low). The outputs then corre- 
spond to the data programmed in the selected words. 
When either or both of the two chip select inputs are at 
logic one (high), all the ouputs will be floating. 





uPB426 


NEC 





Absolute Maximum Ratings* 
— 25°C to + 75°C 
-65°C to + 150°C 
—0.5 to +5.5 Volts 
-0.5 to +5.5 Volts 
—0.5 to +7.0 Volts 
50 mA 


Operating Temperature 





Storage Temperature 





All Output Voltages 





All Input Voltages 





Supply Voltage Vcc 





Output Currents 





*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 



































Capacitance 
Ta = 25°C, f = 1 MHz, Voc = 5.0V, Vin = 2,5V 
Characteristics Symbol Min. Max. Unit 
Input Capacitance Cw 8 pF 
Output Capacitance Cour 10 pF 
DC Characteristics 
Ta= 0°C to + 75°C, Vec = 4.50V to 5.50V 

Parameter Symbol ae Unit Test Conditions 

Min. Typ. Max. 

Input High Voltage Vin 2.0 Vv 
Input Low Voltage Viv 08 Vv 
Input High Current i) 40 pA V, = 6.5V, Voc = 5.5V 
Input Low Current —t 05 mA V, = 0.4V, Voc = 5.5V 
Output Low Voltage Vor 0.45 V fo. = 16 MA, Vec = 4.5V 
Output Leakage Current — loge, 40 pA Vo = 5.5V, Veg = 5.5V 
Output Leakage Current = —lorr2 40 HA Vo = 0.4V, Voc = 5.5V 
Input Clamp Voltage -Vic 12 V | = -—18mMA, Voc = 4.5V 
Power Supply Current lec 100 150 = mA vackyo 
Output High Voltage Vou 2.4 Vv lon = —2.4mA 
Cee Circuit =le¢ 18 60 mA Vp) =0V 





AC Characteristics 
Ta = 0°C to + 75°C, Voc = 4.50V to 5.50V 
Symbol #PB426-3 1 PB426-2.PB426-1 .PB426 Unit 








Parameter Test 
Min. Max. Min. Max. Min. Max. Min. Max. Conditions 

Address 

Access Time taa 35 50 60 70 «ons 

Chip Select 

Access Time tacs 25 30 40 4 ns DOO@ 

Chip Select 

Disable Time toes 25 30 40 45 ns 





Notes: © Output Load: See Figure 1. 
® input Waveform: 0.0V for low levet and 3.0V for high level, less than 
10ns for both rise and fall times. 
@® Measurement References: 1.5V for both inputs and outputs. 
® C, in Figure 1 includes jig and probe stray capacitances. 


— 
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Figure 1, Loading Conditions Test Circuit 


Programming Specification 

You must rigorously observe this specification in order to 
program the NEC Bipolar PROMS correctly. NEC will not 
accept responsibility for any device found to be defective if 
it was not programmed according to this specification. 

A typical programming operation is performed by sensing, 
programming, and sensing again to find out if the word 

to be programmed has reached the desired state. Either 
or both of the two chip enable inputs must be at a logic 
one (high). 


Sensing is accomplished by forcing a 20 mA current into 
the selected location via the output. The sense measure- 
ment ensures that the voltage required to force this 20 mA 
current is less than the reference voltage. If this condition 
is satisfied, then that bit location is in the logic one 

(high) state. . 
Programming is accomplished by forcing a 200 mA current 
into the selected bit via the output. The current pulse is 
applied for 7.5 ys and then the location is sensed before a 
second programming current pulse is applied. This process 
continues until the selected bit is altered to the one state. 
You can tell that a bit is programmed when two successive 
sense readings, 10 ws apart with no intervening program- 
ming pulse, pass the limit. When this condition has been 
met, four additional pulses are applied, and the sense 
current is terminated. 

















Characteristic Limit Unit Notes 

Ambient Temperature 2545 °c 

Programming pulse 

Amplitude 200 + 5% mA 

Clamp voltage 28 + 0% — 2% v 

Ramp rate (both in rise 

and in fall) 70 max. Vins 

Pulse width 7.5 + 5% ps 15V point/ 
1502 load. 

Duty cycle 70% min. 

Sense current 

Amplitude 20 + 0.5 mA 

Clamp voltage 28 + 0% — 2% v 

Ramp rate 70 max. Vins 15V point/ 
1502 load. 

Sense current interruption before 

and after address change 10 min. ve) 

Programming Voc 5.0 + 5% - 0% © Vv 

Maximum sensed voltage 

for programmed one 7.0 + 0.1 Vv 

Delay from trailing edge of 

programming pulse before 

sensing output voltage 0.7 min. Bs 





uPB426 





Figure 2. Typical Output Voltage Waveform Qualified Programming Equipment 
Approved Personality 
Manufacturer Model No. Module Socket Adaptors 


medicione) Pune Pulse Train _- 28V Clamp 














—-+--200 mA Program Pulse Data /O 
Issaquah, WA 5,7,9,17,19,29A 919-1555 715-1305-5 
sore OmA mnt Data vO Unipak Il Family Cod Pinout Cod 
< ata hipa: ‘amily Code inout Code 
i =7 777 20 MA Sensing (Before P) Issaquah, WA (950-0059-03C) 72 05 
Su s>>7.0V Ref. 
0.7 us 





ron | us NN! F Minato Electronics 
10 us ‘\> 20 mA Sensing (After P) Tokyo, Japan 1850/1870 7SP-4XXN 5SA-18P20 
MIN. ‘GNO Kontron 
Redwood City, CA MPP-80S MOD 18C SA4 





* teed Voltage Sensing 
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uUPB426 NEC 


NEC 


NEC Electronics Inc. 


uPB 429 
2,048 x 8-BIT 
BIPOLAR TTL PROM 


Revision 1 





Description 

The »PB429 is a high-speed, electrically programmable, 
fully decoded 16384-bit TTL read-only memory. 

On-chip address decoding, three chip-select inputs and 
three-state outputs allow easy expansion of memory 
capacity. The .PB429 is fabricated with logic level zero 
(low); logic level one (high) can be electrically programmed 
into the selected bit locations. The same address inputs 
are used for both programming and reading. 


Features 

C1 A.I.M. (Avalanche Induced Migration), Shorted-junction 
technology 

L] +10% Vee Operation 

L) Three Chip Select inputs for memory expansion 

(C Three-state outputs (1 PB429) 

C1 Cerdip and plastic 24-lead dual in-line packages 

C) Fast programming time: 10 sec. max for all 16K bits 

LC Replaces: 828191, HM76161, 3636 and 
equivalent devices 

C 4 performance ranges: 




















Device Address Access Time Power Su 
»PB429 70ns 160mA 
pPB429-1 60ns 160mA 
pPB429-2 50ns 160mA 
pPB429-3  45ns 160mMA 

Block Diagram 


16,384-bit 
(128 x 128) 
Memory Cells 
Array 


Output 
es 





Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 











Pin Identification 
Ag-Ai0 Address Inputs 
0,-0, Data Outputs 
CS,, CS2, CS; Chip Selects 
Vec Power (+ 5V) 
GND Ground 
Operation 


Programming 

A logic one can be permanently programmed into a 
selected bit location by using a programmer. First, the 
desired word is selected by the eleven address inputs in 
TTL levels. Disenable the memory by proper application of 
logic levels on the chip selects. Secondly, a train of high- 
current programming pulses is applied to the desired 
output. After the sensed voltage indicates that the selected. 
bit is in the logic one state, an additional pulse train is 
applied, then stopped. 


Reading 

To read the memory, enable the device (i.e.;CS, = 0, 
CS, = CS, = 1). The outputs then correspond to the data 
programmed in the selected words. When the chip is 
deselected, all the ouputs will be floating. 
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Absolute Maximum Ratings* 





— 25°C to + 75°C 
~ 65°C to + 150°C 


Operating Temperature 





Storage Temperature 





All Output Voltages —0.5 to +5.5 Volts 
—0.5 to +5.5 Volts 
—0.5 to +7.0 Volts 


50mA 





All Input Voltages 
Supply Voltage Vec 
Output Currents 


*COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 












































Capacitance 
T,= 25°C, f = 1 MHz, Voc = 5.0V, Vin = 2.5V 
Characteristics Symbol Min. Max. Unit 
Input Capacitance Cw 8 pF 
Output Capacitance Cour 10 pF 
DC Characteristics 
Ta= 0°C to + 75°C, Vec = 4.50V to 5.50V 

Parameter Symbol vo Unit Test Conditions 

Min. Typ. Max. 

Input High Voltage Vin 2.0 v 
Input Low Voltage Viv 08 V 
Input High Current lin 40 pA V, = 5.5V, Vee = 5.5V 
Input Low Current mht 0.25 mA V, = 0.4V, Voc = 5.5V 
Output Low Voltage Vor 0.45 V lon = 16 MA, Voc = 4.5V 
Output Leakage Current lores 40 HA Vo = 5.5V, Voc = 5.5V 
Output Leakage Current —lor¢2 40 HA Vo = 0.4V, Veg = 5.5V 
Input Clamp Voltage —Vic 12 $V 1 = —18mMA, Veco = 4.5V 
Power Supply Current lee 100 160 mA Pear rama 
Output High Voltage Vou 2.4 Vv lon = —2.4mA 
eh etal Circult Isc 20 70 mA V, = OV 





AC Characteristics 
Ta = OC to +75°C, Voc = 4.50V to 5.50V 








Parameter Symbol #.P8429-3.PB429-2).PB429-1 .PB429 unit Test 
Min. Max. Min. Max. Min. Max. Min. Max. Conditions 

Address 
Access Time tea 45 50 60 70 ns 
Chip Select 
Access Time tacs 30 30 40 50 ns O@8O@ 
Chip Select 
Disable Time —_tocs 30 30 40 50 ns 


Notes: © Output Load: See Figure 1. 
® Input Waveform: 0.0V for low level and 3.0V for high level, less than 
10ns for both rise and fall times. 
@ Measurement References: 1.5V for both inputs and outputs. 
@® C_ in Figure 1 includes jig and probe stray capacitances. 
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Figure 1. Loading Conditions Test Circuit 





Programming Specification 

You must rigorously observe this specification in order to 
program the NEC Bipolar PROMS correctly. NEC will not 
accept responsibility for any device found to be defective if 
it was not programmed according to this specification. 


A typical programming operation is performed by sensing, 
programming, and sensing again to find out if the word to 
be programmed has reached the desired state. Disenable 
the memory by proper application of logic levels in the three 
chip selects. 


Sensing is accomplished by forcing a 20 mA current into 
the selected location via the output. The sense measure- 
ment ensures that the voltage required to force this 20 mA 
current is less than the reference voltage. If this condition 
is satisfied, then that bit location is in the logic one 

(high) state. 


Programming is accomplished by forcing a 200 mA current 
into the selected bit via the output. The current pulse is 
applied for 7.5 ws and then the location is sensed before a 
second programming current pulse is applied. This process 
continues until the selected bit is altered to the one state. 
You can tell that a bit is programmed when two successive 
sense readings, 10 ws apart with no intervening program- 
ming pulse, pass the limit. When this condition has been 
met, four additional pulses are applied, and the sense 
current is terminated. 

















Characteristic Limit Unit Notes 

Ambient Temperature 25+5 °c 

Programming pulse 

Amplitude 200 + 5% mA 

Clamp voltage 28 + 0% — 2% Vv 

Ramp rate (both in rise 

and in fall) 70 max. Vins 

Pulse width 7.5 + 5% BS 15V point/ 
1502 load. 

Duty cycle 70% min. 

Sense current 

Amplitude 20 + 0.5 mA 

Clamp voitage 28 + 0% — 2% Vv 

Ramp rate 70 max. Vins 15V point’ 
1502 load. 

Sense current interruption before 

and after address change 10 min. ps 

Programming Vcc 5.0 + 5% — 0% Vv 

Maximum sensed voltage 

tor programmed one 7.0 + 0.1 Vv 

Delay from trailing edge of 

programming pulse before 

sensing output voltage 0.7 min. us 





»u.PB429 





Figure 2. Typical Output Voltage Waveform 


f 
0.7 us 


nee Pulse Te _- 28V Clamp 


200 mA Program Puise 
----100 mA Point 
20 mA Sensing (Before P) 
~~7.0V Ref. 
Q ‘20 mA Sensing (After P) 
MIN. ‘“GNO 


© het Voltage Sensing 





Qualified Programming Equipment 

















Approved Personality 
Manufacturer Model No. Module Socket Adaptors 
Data 0 
Issaquah, WA 5,7,9,17,19,29A 919-1555 715-1628-2 
Data VO Unipak I Family Code Pinout Code 
Issaquah, WA (950-0059-03C) 72 21 
Minato Electronics 1850/1870 7SP-4XXN 5SA-24P74 
Tokyo, Japan 
Kontron MPP-805 MOD 18C SA22 


Redwood City, CA 
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PACKAGING INFORMATION 
Section 12 — Packaging Information Page 
Package/Device Cross Reference ....... ccc cece cece rece cece eee e ee eereneeees Wists seas ose 12-1 
14 Pin Plastle DIP (4Q0 MIN) oscscsiconcewws wate indeed ae bas ra ee RUTTEN ah eel Waniees 12-3 
16 Pin Plastic DIP (S00 Mil)’ vases Gis ee vans nrndedaadatnssGw eae Rianne 12-3 
16 Pin Plastic DIP (300 mil, Semiwide Body) .......ccccccec sce sseeeceeane 12-4 
16 Pin Plastic DIP (300 mil, Wide Body) ....... ccc ccc ccc cette eee seteeeeens 12-4 
16 Pin PlASTIC ZIP ois sec dedss oboe a5 Siw eiealg Wee raieete aietate Wig Waleed eee alee bl eee 'e Gielaraels 12-5 
18 Pin Plastic DIP: (SOO MII) *.accoxdenuacieecayeu saves es Vas tiasaresawateees 12-5 
18 Pin Plastic DIP (300 mil, Semiwide Body) ......ccccc ccc sees etteeeeenes 12-6 
18 Pin Plastic DIP (300 mil, Wide Body) ........ ccc ccc cect cece rene eeneenvens 12-6 
18 Pin Plastic Leadiess Chip Carrier ..... ccc ccc cece cece eet e eee tteeeenans 12-7 
18 Pin Ceramic DIP (800 Mil) ...... ccc cece ccc cece rete eect eee eeeeeeteeeeeeens 12-7 
18 Pin COrdip (SOO MIN) © assis cece asics sasciaiatg aoe erie ooeeieie oles Gisele gob erote w aldralere On" 12-8 
20 Pin Plasti¢ DIP (S00 Mil) cisussisaveeacVawssarternetievevasgawew sateen 12-8 
20 Pin Plastic DIP (300 mil, Wide Body) ........ ccc cee cece er eee cent eeeensens 12-9 
22 Pin Plastic DIP (300 mil, Wide Body) ....... ccc cece cece cece c eee eeneeuvees 12-9 
22 Pin Ceramic Leadless Chip Carrier ........cccccc ee evscecceseeeeneenees 12-10 
22 Pin SIMM, MC-41256A4A (Glass-epoxy Substrate) ........ cece eee eevee 12-10 
22 Pin SIMM, MC-411000A1A (Glass-epoxy Substrate) .......... cece eee noes 12-11 
22 Pin SIMM, MC-41256A4C (Ceramic Substrate) .........c cc ccce eee ee eeenee 12-11 
22 Pin SIMM, MC-411000A1C (Ceramic Substrate) ....... ccc cece eee eens 12-12 
24 Pin Plastie: DIP (300 Mill) » s+ écxccatay he eia eet oadeseeeegea ee uy cease eeaiins 12-12 
24 Pin Plastic: DIP (400 THN): sk wescainc us awe weed ak tee eeONee Kaas ees 12-13 
24 Pin Plastic: DIP: (600 Mill} -.2:453344G:.56G- este se ke nse sanawiaiaadeetaneeaes 12-13 
24 Pin Ceramic: DIP. (400 Mil) es sad dec aqewiw ees wbanwadiidinets nie eeuten es 12-14 
24 Pin Cordip (B00 Mil): iiscce scicceeile cs eele 8 eee 8:6 6 occas ecleieele wardtarae eee a bo aie's 12-14 
24 Pin Ceramic FlatPack oo... cece cece cece teeter t entre eee eeeeteeneeseeeens 12-15 
24 Pin Plastic: Mimithat: css icc cise cers ecd-4 esa aioli a eee sod sed sie die AW ene diee ends 12-15 
24 Pin Ceramic Leadless Chip Carrier ..... ccc cece csc c ce eeceeteeeeteeeeeees 12-16 
24 Pin SIMM, MC-41256A5A (Glass-epoxy Substrate) ......... cece eee eeneee 12-16 
24 Pin SIMM, MC-41256A5C (Ceramic Substrate) ........ cece ccc eee ee eeee 12-17 
26/20 Pin Plastic SOs ciacsasctcta vue nhac vew cect bain tae heokesakea wees 12-17 
28 Pin Plastic: DIP (GOO Ml): a.65 dca ccaadn Visava twa teecia Cree aaeeen sy eaawes 12-18 
28 Pin Cardip: (600 tall) :i-ecsenctiay ia ies cas ction 0040s O16 eae eee egw enan tess 12-18 
28 Pin Cerdip (600 mil, Wide Body) .........cccccsec cence eeereeneeeeeeeene 12-19 
28 Pin Plestic MUMIT AG so '5. 656i 'o.0. vei aie0 ecw ein Siar wat lee ecdlece vlecacnoss dose ¢@ 8'OR AES ore 12-19 
30 Pin SIMM, MC-41256A8A (Glass-epoxy Substrate) ........ ccc ce cere eee eee 12-20 
30 Pin SIMM, MC-41256A9A (Glass-epoxy Substrate) ........ ccc eee e eevee 12-20 
30 Pin SIMM, MC-41256A8B (Glass-epoxy Substrate) ........ cc cee eeeeen anes 12-21 
30 Pin SIMM, MC-41256A9B (Glass-epoxy Substrate) .........cceseeeveveene 12-21 
32 Pin Ceramic Leadless Chip Carrier ..... cc cece cece tence ners neceeeseees 12-22 
40 Pin Plastic: DIP (600 Mil). ss eiuissei cay tases slacks ay cela cereus eae en 12-22 
40 Pin Cerdip (600 mil, Wide Body) ......cccceccc ccc eee ee neeeeeeeereneeeees 12-23 
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NEC 


Package/ Device Cross Reference 


Package 
14-Pin Plastic DIP 
16-Pin Plastic DIP 


16-Pin Plastic DIP 
(300 mil, Semiwide Body) 


16-Pin Plastic DIP 
(300 mil, Wide Body) 


16-Pin Plastic Zig-Zag 
Inline Package 


18-Pin Plastic DIP 


18-Pin Plastic DIP 
(300 mil, Semiwide Body) 


18-Pin Plastic DIP 
(300 mil, Wide Body) 


18-Pin Plastic Leadless 
Chip Carrier 


18-Pin Ceramic DIP 
(300 mil) 
18-Pin Cerdip (300 mil) 


20-Pin Plastic DIP 
(300 mil) 


20-Pin Plastic DIP 
(300 mil, Wide Body) 

22-Pin Plastic DIP 
(300 mil, Wide Body) 

22-Pin Ceramic LCC 


22-Pin SIMM, MC-41256A4A 
(Glass-epoxy Substrate) 


Device 
uPD41221C 


uPD4164C 
uPD4265C 


uPD41256C 
(Process Code F) 


uPD41256C 
(Process Codes 
P and L) 
puPD41257C 


pPD41256V 


uPD41416C 
yPB426C 


uPD41464C 
(Process Codes 
L and F) 


uUPD41464C 
(Process Code kK) 

uPD411000C 

uPD411001C 


uPD41256L 
yPD41257L 
uPD41464L 


yPB10470D 
uPB100470D 


uPD2147AD 


uPD2149D 
uPB426D 


uPD4311C 
pPD4314C 


pPD414256C 


uPD4361C 
uPD4362C 


uPD4361K 
MC-41256A4A 


PACKAGING INFORMATION 


Package 


22-Pin SIMM, MC-411000A1A 
(Glass-epoxy Substrate) 


22-Pin SIMM, MC-41256A4C 
(Ceramic Substrate) 


22-Pin SIMM, MC-411000A1C 
(Ceramic Substrate) 


24-Pin Plastic DIP 
(300 mil) 


24-Pin Plastic DIP 
(400 mil) 


24-Pin Plastic DIP 
(600 mil) 


24-Pin Ceramic DIP 
(400 mil) 


24-Pin Cerdip (600 mil) 


24-Pin Ceramic Flatpack 


24-Pin Plastic Miniflat 
24-Pin Ceramic LCC 


24-Pin SIMM, MC-41256A5A 
(Glass-epoxy Substrate) 


24-Pin SIMM, MC-41256A5C 
(Ceramic Substrate) 


26/20-Pin Plastic SOJ 


28-Pin Plastic DIP 
(600 mil) 


Device 
MC-411000A1A 


MC-41256A4C 


MC-411000A1C 


yPD41101C 
uPD41102C 


uPD41264C 


uPD446C 
uPD449C 
uPD4016C 
uPD2364AC 
uPB429C 


uPB10422D 
uPB10474D 
uPB100422D 
uPB100474D 


uPB429D 


uPB100422B 
uPB100474B 


uPD446G 
uPB100474K 
MC-41256A5A 


MC-41256A5C 


uPD411000LA 
uPD411001LA 
UPD414256LA 


UPD4168C 
yPD42832C 
uPD4364C 
yPD4464C 
uPD43256C 
uPD2764C 
pPD27128C 
uPD27C64C 
uPD27C256C 
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Package/Device Cross Reference (cont) 





Package Device Package Device 
28-Pin Plastic DIP uPD27C256AC 30-Pin SIMM, MC-41256A8A MC-41256A8A 
(600 mil) (cont) uUPD2364EC (Glass-epoxy Substrate) 
uPD23128EC 
puPD23C64EC 30-Pin SIMM, MC-41256A9A MC-41256A9A 
uPD23C128EC (Glass-epoxy Substrate) 
uUPD23C256EC ; 
uPD23C1000C 30-Pin SIMM, MC-41256A8B MC-41256A8B 
(Glass-epoxy Substrate) 
28-Pin Cerdip (600 mil) uPD2764D : 
uPD27128D 30-Pin SIMM, MC-41256A9B MC-41256A9B 
uPD27C64D (Glass-epoxy Substrate) 
32-Pin Ceramic LCC uPD27C256AK 
28-Pin Cerdip uPD27256D Se 
uPD27C256AD (600 mil) 
uO eee 40-Pin Cerdip uPD27C1024D 
28-Pin Plastic Miniflat uPD42832G (600 mil, Wide Body) 
uUPD4364G 
UPD4464G 
uUPD43256G 
uPD27C256AG 
uPD23C256AG 
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14-Pin Plastic DIP (400 mil) 


Mittimeters Inches 

20.32 max .800 max 
2.54 max :100 max 
2.54 [TP] -100 [TP] 


+.004 
50 +.10 020 O95 


15.24 600 

1.2 min .047 min 
3.2+.3 -126 + .012 
51min -020 min 
4.31 max .170 max 
5.08 max .200 max 
10.16 [TP] -400 [TP] 
8.6 339 


+.10 
25 —05 


> 























+.004 
—.003 


B 
c 
D 
E 
F 
G 
H 
! 
J 
K 
L 
M 


010 


Notes: 

{1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

{2] Item “K” to center of leads when formed 
parallel. 





16-Pin Plastic DIP (300 mil) 


Millimeters inches 

20.32 max -800 max 
1.27 max .050 max 
2.54 [TP] -100 [TP] 


+.004 
—.005 











-50 + .10 -020 





17.78 -700 

1.2 min .047 min 
3.5 + .03 138 + .012 
-51 min 020 min 
4.31 max -170 max 
5.08 max -200 max 
7.62 [TP] -300 [TP] 
6.4 252 


+.10 +.004 
ry 010 "O93 


1.0 min .039 min 





























zi zie|xlel-|zlolulmi o O}a >/s 


Notes: 
[1] Each lead centerline is tocated within .25 
mm [.010 inch] of its true position [TP] at 


maximum material condition. 


[2] Item “K” to center of leads when formed 
paraliel. 
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16-Pin Plastic DIP (300 mil, Semiwide Body) 


Millimeters Inches 

20.32 max -800 max 
1.27 max .050 max 
2.54 [TP] -100 (TP) 


+.004 
50+ .10 020 O95 


17.78 -700 

1.2 min 047 min 
3.24.3 126 + .012 
51 min .020 min 
4.31 max .170 max 
5.08 max -200 max 
7.62 [TP] -300 [TP} 
6.7 264 


+.10 +.004 
25 — 05 010 003 


1.0 min 039 min 
































Item 
A 
B 
c 
Oo 
E 
F 
G 
H 

! 

J 
K 
L 
M 
N 





Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

{2] item “K” to center of leads when formed 
parallel. 





16-Pin Plastic DIP (300 mil, Wide Body) 


Miitimeters Inches 

20.32 max -800 max 
1.27 max .050 max 
2.54 [TP] -100 [TP] 


+.004 
—.005 





50 + .10 020 





17.78 700 

1.2 min .047 min 
3.24.3 126 + .012 
51 min -020 min 
4.31 max 170 max 
5.08 max -200 max 
7.62 (TP) -300 [TP] 
7.4 291 


+.10 +.004 
25 "o6 010 O03 


1.0 min 039 min 














zl zielxlel-[zlalalm! o o|a\>)s 


Note: 
[1] Each lead centerline is located within .25 
mm [.010 Inch] of its true position [TP] at 


maximum material condition. 


[2] Item “K” to center of leads when formed 
parallel. 
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16-Pin Plastic ZIP 


Millimeters Inches 

21.59 max -850 max 
1.27 max .050 max 
1.27 [TP] 050 [TP] 


+.004 
~—.005 


> 














50 + .10 -020 





19.05 -750 
3.5+.3 -138 + .012 
9 min .035 min 
6.6 -260 

8.3 max .327 max 
2.54 [TP] -100 [TP] 
284.2 -110 + .008 


5 1-10 +004 
—.05 010 _ ‘93 




















B 
c 
D 
E 
F 
G 
H 
I 
J 
K 





r 


Notes: 

[1] Each lead centerline is located within .12 
mm [.005 inch] of its true position [TP] at 
maximum material condition. 


83-003585B 





18-Pin Plastic DIP (300 mil) 


Millimeters Inches 

22.86 max -900 max 
1.27 max -050 max 
2.54 [TP] 100 [TP] 


+.004 
—.005 


> 











50 + .10 -020 





20.32 800 

1.2 min -047 min 
3.54.3 -138 + .012 
51 min -020 min 
4.31 max -170 max 
5.08 max -200 max 
7.62 [TP] +300 [TP} 
6.4 252 


+.10 
—.05 























F)Ale/—-|Ir Oo; nim) o /oO|e 





+.004 
—.003 


1.0 min -039 min 


25 -010 





Notes: 

[1] Each iead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

{2] Item “K” to center of leads when formed 
parallel. 


83-0036308 
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Millimeters 
22.86 max 
1.27 max 
2.54 [TP] 


Inches 

-900 max 
.050 max 
100 [TP] 





50+ .10 


20.32 

1.2 min 
3.24.3 
-51 min 
4.31 max 
5.08 max 
7.62 [TP] 
6.7 


+.10 
—.05 


1.0 min 


Item 
A 
B 
c 
D 
E 
F 
G 
H 

! 
J 
K 
L 
M 
N 


+.004 
—.005 


020 
-800 
047 min 
-126 + .012 
020 min 
-170 max 
200 max 
-300 [TP] 
264 


+.004 
—.003 


.039 min 


010 


PACKAGING INFORMATION 


18-Pin Plastic DIP (300 mil, Semiwide Body) 


NEC 


{1} Each lead centerline is located within .25 
mm [.010 inch] of its true position {TP} at 
maximum material condition. 


{2] Item “K” to center of leads when formed 8 


paraltel. 


Miltimeters 
22.86 max 


Inches 
-800 max 





1.27 max 





2.54 [TP} 


-100 [TP] 





50 + .10 


+.004 


020 —005 





20.32 





1.2 min 
3.24.3 
51min 


047 min 
126 + .012 
-020 min 





4.31 max 


-170 max 





-200 max 





7.62 (TP} 


-300 [TP] 





7.35 


-289 





= le|xicl—|zlolaim) o O|al>/s 


+.10 


Notes: 


+.004 
010 093 


18-Pin Plastic DIP (300 mil, Wide Body) 





[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] item “K” to center of teads when formed 
parallel. 





83-003586B 
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18-Pin Plastic Leadiess Chip Carrier 


Item Millimeters Inches 
13.4 + .20 528 + .008 
3.77 + 15 -146 + .006 
1.27 050 

-40 + .10 016 + .004 
12.5 492 

60 -024 

.8 min .031 min 
2.40 + .20 .094 + .008 
26 -102 

3.50 + .20 -138 + .008 
8.30 + .20 327 + .008 
7.40 .291 


+40 +.004 
20 _'o5 008 _'o02 


1.80 + .20 071 + .008 
70 -028 
11.68 + .20 -460 + .008 


6.6 + .20 ~ (260 ++ .008 


> 












































O81: 0:2) FZ l[el/xlei-|zrlolxaimislola 





83-003581B 





18-Pin Ceramic DIP (300 mil) 


Item Millimeters Inches 

A 25.40 max 1.000 max 
B 2.54 max -100 max 
c 2.54 [TP] -100 (TP} 
o 46 + .05 018 + .002 
E 20.32 800 
F 1.25 min .049 min 
G 3.5+ 3 -138 + .012 
H 51 min -020 min 
' 2.90 114 
J 4.57 max -180 max 
K 
L 
M 


7.62 (TP) 300 [TP] 
7.32 288 


+.002 
25 + 05 -010 —003 

Notes: 

[1] Each lead centerline is iocated within .25 
mm [.010 inch] of Its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 
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18-Pin Cerdip (300 mil) 


Item = Millimeters Inches 
A 22.86 max £900 max 
1.27 max .050 max 
2.54 [TP] -100 [TP] 











B 

c 

Dd 46 + 05 .018 + .002 
E 20,32 800 

F 1.42 min 055 min 
Ce] 3.54.3 138 + .012 
H 51 min 020 min 
! 

J 

K 

L 

M 

N 

















3.95 156 
5.08 max .200 max 
7.62 (TP) .300 [TP} 
6.60 .260 

















+.002 
25 + .05 010 "S08 


89 min 035 min 





Notes: 

[1] Each lead centerline Is located within .25 
mm [.010 Inch] of Its true position [TP] at 
maximum material condition. 


[2] Item “K” to center of leads when formed 
parallel. 


20-Pin Plastic DIP (300 mil) 


Item Mitiimeters Inches 
A 25.40 max 1,000 max 
1.27 max 050 max 
2.54 [TP] -100 [TP) 
+004 








50 + .10 020 Tos 





B 

c 

D 

E 22.86 900 

F 1.1 min 043 min 

G 3.5 + .30 138 + .012 
H 51 min 020 min 
| 

J 

K 

L 

M 

N 








4.31 max 170 max 
5.08 max .200 max 
7.62 [TP] 300 [TP] 
6.4 252 








+.10 +.004 


010 


25 _ 05 010 _ ‘903 
39min .035 min 


Note: 

[1] Each lead centerline Is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
paraliel. 


12-8 





NEC 


83-0036298 





83-001491B 


N; E Cc PACKAGING INFORMATION 


20-Pin Plastic DIP (300 mil, Wide Body) 


Millimeters inches 
25.40 max 1.000 max 
1.27 max -050 max 
2.54 [TP] -100 [TP] 


+ 
50 + .10 020 005 


> 


22.86 900 

1.2 min 

3.24.3 126 + 012 
51 min 020 min 
4.31 max 170 max 
5.08 max -200 max 
7.62 [TP] -300 (TP] 
7.25 285 


+.004 
—.003 


B 
c 
o 
E 
F 
G 
H 
! 
J 
K 
L 
M 


010 


Notes: 

[1] Each lead centerline Is located within .25 
mm [.010 Inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parailel. 


83-003626B 





22-Pin Plastic DIP (300 mil, Wide Body) 


Item  Millimeters Inches 
A 30.48 max 1.200 max 
2.54 max -100 max 
2.54 [TP) 100 (TP) 


+.004 
~.005 


8 

c 

D 50 + .10 .020 
E 25.40 1.000 

F 1.2 min .047 min 

a 3.20 + .30 126 + .012 
H 51 min .020 min 

( 4.31 max .170 max 

J 5.08 max -200 max 

K 7.62 (TP] 300 (TP) 

L 7.40 .291 

M 

N 


+.10 +.004 
—.05 —.003 


26 010 


Note: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of ite true position (TP) at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 





83-0035778 
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PACKAGING INFORMATION N: E Cc 


22-Pin Ceramic LCC 


Millimeters Inches 
12.45 + .35 490 + .014 
1.14 045 

2.29 -090 

.64 .025 

7.37 + 35 -290 + .014 
1.27 -050 

2.26 max -089 max 
1.40 055 

7.62 -300 

3.81 -150 

.3 rad .012 rad 

.2 rad -008 rad 






































83-003578B 


Millimeters Inches 
56.52 2.225 
11.43 max -450 max 
2.54 100 

45 018 

5.30 max .209 max 
25 010 
4.00 157 
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NV. E C PACKAGING INFORMATION 


22-Pin SIMM, MC-411000A1A (Glass-epoxy Substrate) 




















le Millimeters inches 
56.52 2.225 
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PACKAGING INFORMATION N. fo Cc 


22-Pin SIMM, MC-411000A1C (Ceramic Substrate) 


Milllmeters Inches 
61.0 2.40 

9.7 max -382 max 
2.54 100 

45 018 

5.08 max -200 max 
25 010 
4.00 +157 




















83-003476B 





24-Pin Plastic DIP (300 mil) 


Millimeters Inches 
33.02 max 1,300 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 


+004 
—.005 


27.94 1.100 

1.2 min 047 min 
3.50 + 0.3 -138 + .012 
0.51 min -020 min 
4.31 max -170 max 
5.08 max -200 max 
7.62 [TP] -300 [TP] 
6.4 252 


+.10 +.004 
25 —05 -010 ~.003 


1.0 min -039 min 


50 + .10 020 

















2| zielxjcl|—-|zlalalm o oO} |) >/s 





Notes: 


[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


83-003725B 
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NEC PACKAGING INFORMATION 


24-Pin Plastic DIP (400 mil) 


Miltimeters Inches 
30.48 max 1.200 max 
1.27 max .050 max 
2.54 [TP] -100 [TP] 


+.004 
50 +.10 020 os 


27.94 1.100 

1.2 min .047 min 
3.2 + 0.3 126 + .012 
-51 min .020 min 
4.31 max -170 max 
5.08 max -200 max 
10.16 (TP) -400 [TP] 
8.6 339 


+0 +.004 
010 _'o93 


> 



































B 
c 
D 
E 
F 
G 
H 
| 
J 
K 
L 





25 —05 
Notes: 


[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position (TP) at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


83-003627B 





24-Pin Plastic DIP (600 mil) 





Millimeters Inches 
33.02 max 1.300 max 






> 









































B 2.54 max -100 max - 
Cc 2.54 [TP] -100 [TP] 

Dp .50+.10 .020 "he 

E 27.94 1.100 

F 1.2 min -047 min 

G 3.5403 -138 + .012 

H 51 min -020 min 

| 4.31 max -170 max 

J «5.72 max 226 max K 
K 15.24 [TP] .600 [TP] 

L 13.2 520 




















+.10 +.004 
M25 _ 5 010 _ 003 ee 
Notes: 
[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at H |G 






maximum material condition. 


[2] Item “K” to center of leads when formed 
parallel. 








wh \- 


0-15° 








83-001950B 
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PACKAGING INFORMATION N: KE C 





24-Pin Ceramic DIP (400 mil) 


Millimeters inches 
33.02 max 1.300 max 
2.54 max -100 max 
2.54 [TP] -100 [TP} 
-46 + .05 -018 + .002 
27.94 1.100 

1.25 min -049 min 
3.5 + .3 -138 + .012 
51 min -020 min 
2.74 -108 

4.57 max -180 max 
10.16 [TP] -400 [TP] 
10.0 394 


> 



































+.002 
—.003 


1.0 min -039 min 


.25 + .05 .010 





2) SF [e|xlel/—|zrl/olanjmiolo wv 


Notes: 

[t] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 





24-Pin Cerdip (600 mil) 


Millimeters Inches 

A 33.02 max 1.300 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 











+.004 
-50 + 010 020 —005 





B 

c 

D 

E 27.94 1.100 

F 1.2 min .047 min 
G 3.04.3 118 + .012 
H 

1 

J 

K 

L 

M 











51 min -020 min 
3.80 -150 
5.08 max -200 max 





15.24 [TP] 600 [TP] 
13.21 520 





+.002 


25 + 05 010 —003 


Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of Its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 
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NEC 


24-Pin Ceramic Flatpack 


Millimeters 


> 


2.6 max 


PACKAGING INFORMATION 


inches 
-102 max 





9.5 


374 





13 


-005 





-020 





272 





2.0 











43 





A\el—-/ rj O|; Am) o1ao]oa 





24-Pin Plastic Miniflat 


Millimeters Inches 
16.51 max -650 max 





1.27 max .050 max 





1.27 [TP] 050 [TP] 





+.004 
40 +10 016 “hos 





+2 +008 
vy 004 _'o04 





2.5 max -099 max 
2.00 .079 


+.013 


12.2+.3 480 "O49 





8.4 331 





1.9 075 





+.004 
15 008 “O99 





+.009 
9+.2 035 ""oog 


Notes: 
(1] Each lead centerline is located within .12 


mm [.005 inch] of its true position [TP] at 
maximum material condition. 








at 
mr 





83-002701B 
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NEC 


PACKAGING INFORMATION 


24-Pin Ceramic LCC 








24-Pin SIMM, MC-41256A5A (Glass-epoxy Substrate) 
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N: E Cc PACKAGING INFORMATION 


24-Pin SIMM, MC-41256A5C (Ceramic Substrate) 


= = aa CITT} i 


Se 
a one 





26/20-Pin Plastic SOJ 
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PACKAGING INFORMATION 


28-Pin Plastic DIP (600 mil) 


Millimeters Inches 
38.10 max 1.500 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 


+.004 
50 +.10 020 vos 


33.02 1.300 

1.2 min 047 min 
3.6 + 30 -142 + 012 
-51 min -020 min 
4.31 max -170 max 
5.72 max .226 max 
15.24 [TP] -600 [TP] 
13.20 520 


+210 
25 _'og 


> 



































8 
c 
D 
E 
F 
G 
H 
! 
J 
K 
L 
M 


+.004 


010 O03 


Notes: 


[1] Each tead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum materia! condition. 


[2] Item “K” to center of leads when formed 
paraitel. 


28-Pin Cerdip (600 mil) 


Millimeters Inches 
38.10 max 1.500 max 
2.54 max -100 max 
2.54 [TP] -100 (TP) 


+ 004 
50 + .10 020 ~ “Sos 


33.02 4.300 

1.2 min .047 min 
3.5+.3 -138 + .012 
51 min -020 min 
3.80 150 











5 |/a;a|> 

















5.08 max -200 max 


15.24 [TP] .600 [TP] 
13.21 520 





rl} Ri[el|—-'( zi ol(unlm 





+.002 
25 + .05 010 —.003 


N 7.62 dia -300 dia 





Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 
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NEC 


83-001675B 


83-003632B 


N: E Cc PACKAGING INFORMATION 


28-Pin Cerdip (600 mil, Wide Body) 


Millimeters Inches 
38.10 max 1.500 max 
2.54 max -100 max 
2.54 [TP] 100 [TP] 


+ .004 
— .005 


33.02 1.300 

1.2 min .047 min 
3.5 + .3 -138 + .012 
-51 min .020 min 
3.80 -150 

5.08 max -200 max 
15.24 [TP] -600 [TP] 
14.66 577 


> 











50+ .10 020 





























+.002 
—.003 


8.89 dia 350 dia 


25 + 05 010 





8 
c 
D 
E 
F 
G 
H 
' 
J 
K 
L 
M 
N 


Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 





28-Pin Plastic Minliflat 










Millimeters 
19.05 max 


inches 
-750 max 


















































B 1.27 max .050 max 
c 1.27 [TP] .050 [TP] 
+.004 
D 40 + .10 016 —~005 
E 16.51 .650 
yt 2 +.008 
F —4 -004 —004 
G 2.5 max -099 max 
H 2.00 .079 
1 1184.3 aes 1012 


—.013 





8.4 331 
1.7 -067 


+40 +.004 
=05 006 _ o02 


+.008 
—.009 












Ale 








r 


15 





M 7H.2 -028 





Note: 


[1] Each lead centerline is located within .12 
mm [.005 inch] of its true position [TP] at 
maximum material condition. 









83-001676B 
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PACKAGING INFORMATION | N E Cc 
30-Pin SIMM, MC-41256A8A (Glass-epoxy Substrat 
























































~ 
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NEC PACKAGING INFORMATION 


30-Pin SIMM, MC-41256A8B (Glass-epoxy Substrate) 


Millimeters Inches 
88.90 3.500 

16.80 max .661 max 
2.54 -100 

1.78 .070 

5.08 max -200 max 
1.27 + .08 050 + .0032 


=—=— WOULUULLLU 


3.175 dia .125 dia Tonpnonpon 




















e/—-/riorxnlm\o/o|a 


83-003210B 





Millimeters Inches 
88.90 3.500 
16.80 max -661 max 
2.54 -100 

1.78 .070 

5.08 max -200 max 
1.27 + .08 050 + .0032 
10.16 .400 

6.35 250 
82.10 3.232 
3.175 dia -125 dia 
































el=-(/Z/A/ ni mig/o|oa 





83-003212B 
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PACKAGING INFORMATION 


32-Pin Ceramic LCC 


Millimeters 
13.97 + 0.20 


> 


Inches 
-55 + .008 





1.9 


075 





1.27 
644.1 
10.16 
1.9 


-050 
025 + .004 
400 
075 





1.02 


040 





2.17 


085 





3.0 max 


-120 max 





11.43 + .15 


-450 + .006 





7.62 


300 





1.27 + .15 


050 + .006 





ZirjxAlel—j|zrzjoal/almioioja 


7.11 dia 


-280 dia 


40-Pin Plastic DIP (600 mil) 


Millimeters 
53.34 max 


Inches 
2.100 max 





2.54 max 


-100 max 





2.54 [TP] 


-100 [TP] 





50 + .10 


+.004 
020 —005 





48.26 


1.900 





1.2 min 


047 min 





3.6 + .3 


142 + .012 





51 min 





4.31 max 


.170 max 





5.72 max 


.226 max 





15.24 [TP] 


600 [TP] 





13.2 


520 





+.10 
—.05 


Z\e[xle/-|zjo;a)m| o jojol>/s 


25 


Notes: 


+.004 
10s 


[1] Each tead centerline is located within .25 
mm [.010 inch] of its true position (TP) at 
maximum material condition. 


[2] Item “K” to center of leads when tormed 


12-22 


C 1.02 mm 
[three corners] 





C 0.51 mm 
{Index corner) 


83-0002714B 





N: E Cc PACKAGING INFORMATION 


40-Pin Cerdip (600 mil, Wide Body) 


Millimeters Inches 
53.34 max 2.100 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 


+.004 
50 +.10 020 —" oos 


48.26 1.900 

1.2 min .047 min 
35+ .3 -138 + .012 
-51 min 020 min 
3.80 -150 

5.08 max .200 max 
15.24 [TP] .600 [TP] 
14.66 577 






































+.002 


25 +05 010 “593 


2| = l[e[xlel/=-/ziolajm|] o O/ 9) >/s 





8.89 dia .350 dia 


Notes: 

{1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

{2] Item “K” to center of leads when formed 
parallel. 
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PACKAGING INFORMATION N: E Cc 


12-24 


